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^^a?rj®/J''fl z fini^'5(l|n](cSi5 0 dtttiMfafU^r b P —X 
Ltz 9 £ t&$>Z±%>X&Z 0 


Efll0l#?:i 5ffifc»Stifti&K3y b 7X b 3i 
3-Srffiffl-f 5 c i-eSlttSr^-ef, MBiiJc OMf < ft 
bill S *k * ttf± CT V CMR (c i 5 ftaijfi t l&M-t 5 i^„ 

[a*«sai«^w^-fev^- mi?**, a »m] 

5. fiy — Fy°7',£ 

ft y— Vy°7'<k {i#®^t0ffFffifc£ < $\ffl £ tv Mv ft©® 
!SSfl z fffi(cStUiCt|V^tt577S't;'S)5o *7— K7°7}£{CJC 
f 9„ j^jjiii/in y b ®E£> tc # 4 (ffij^EnP Vena contractu)-, 
# J&tfjgft t?0 'V m y b # , $ E ic x 

MS!0V(i®mtb □ ^© p itC'MM itTl.im. flow convergence 
fcfFffil-SCfcasffi** (H l)o »&©yxyHi 
t? 0 f|if0^f4 < , 0 l(C^$tt5 3-9®Iilcf@t5 
- t V\ itSKofi^S* £ 5 IE5f (Cftffi-r 5 - t c 

t ^'^0 b fri~C v> 5 0 fe(T(c > ft 7 — K 7° 7 ^(c J; 5 
ti y b Itfitfi© ii.&.ti V M if 5 ; 

a. Syt 7 h (ft J P'/ x. y /-^if 
ii 5fE 0 ft f c i? © V * 7 - K 7" 7 ^ it fi m 4 S SO Sr £ » 
5fc0, £-f ft 7 — '>*x y b ©ff^Ji • jStH-V, ^tUcStPM 
-ftpotb’Ui^Mg-C*)5 0 J: *9Itffl4»ltt 
it. fife03lffl£SH#!i2tiMc0M ^-te, jffiSEPK^tt 
§ Vx y b x y b©t;^ £$:/£ L~C^' 6t> 

lf-eit%\i>£ t*tovc$r<&m#&& 0 ZiUi, 

Mm y b ic MV )lia0lfll?S : ^?l #Mtf r^l^MMig^ 
(Entrainment f(l#I)J MlS 0 6 tl^ ffim M my b 0 tc!? e 
tzft-Qh 5„ C 0<j| ^M0©lS(±x ifititM'my 
t ©SfEiSic ®tiy b0jfuii(±^E 

(c x tt P ic is It 5 ffiffilH; (Driving pressure) (C frtfl ^ tt 5) 0 
m y b 0tc # cb 1±, ti‘ L MiSffi/S (Momentum) fit 
i¥(c Jc o $ tt§g|itt^ 5 tc§ t'o |ifiS§sF ( lt4E(i^ ftift 
icijb’blSJfnift GifE0S,t:'fflv^ttS) (-<tw 

7 — 4 ©SV'fliv^EttS) 0 2©IS^{ctt-<v, ilii/M 

(Momentum) t 0 9 IK^CtcM L ”C it$> £ *9 tfM L' 0 '>^:t '> 0 

mmmitmmy* y v 

ati$5r v ti~6 t, ifiLSE Q it Av TcS $ tt N illft 
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H2 * 7 - K7°ytcfS7xy F®»lcf 7 »-f 

7x y FH^^tiiPfttSH? 

v 17 F ^ it H? 

[ojiMfli S 

S# AaSffnffi# 

ipisa i ) 

SFF©Sf 

isasiim 

/pf &as#piiiii 

IfiSa (ISFEIxM) 

ic £ 5 ®| m/M ic s O A 7 X y F 

^<o'MLm&mm 

ifflilMLJliSiCifffl 

Sv> F"7“y7V y 

fit' V~fyY4 y 

uf&^bmitzmmx<D]K^ t*- a 

^ & «ft* gfe-e © x a -SEg/jfiWS * S#f 5 «©» t J: 5 «* 

7!) y FttO^SrLfcaSP, 

asp 

(fiiJcoaSn 


MM hi Qv t fzliAvlc-cmatiZo 2 Etc, 
QvitzhiAv^-mZti&o 7'xy Frt©il»fit±^tc-5e 
(cf^Tc ft 6 — o ® f 0 , SIS 100 ml/sec t? 5 m/sec t?nfc < 
mitral regurgitation (MR) 7xy F b , Sit IS 200 ml/sec 
•C* 2.5 m/sec X*Bk < TR 7x y F (i, * 7 - K 7°7±ti|5| E 
< E 5 £ t ic& 5 0 Ifli, 7x y F 

4 >*gP©Si$i±, aSn^EilA>5 hc^tiRtt&mhcj&r 
t5o 

Jo 7 — F"7°7i£(c £ 0^ E'ftCE©;*:# i->'x y F &M*b 
btizfr*mM-tztztihcii' -toias^siat?#sg/h© 
SIS O -c$? < 5 o - ftti^cc. 3 -Sctcfmtjl 

gjhC'&H) EffC© 5 % ©t?i±&©;3\ a^iiflS#T 0 ista 
Soft I0%ffg-c*s. Of 0 *©g/hSHJ; t>3$V'SS$ 
E ft 5 iBiPJfX'li^ is 17 1 E ft5 C t C45o 

it, >L'iirt©ifiis5t^x -y f ± zpmz'ghi 

5 A©, 0 4 £ O^WicSi$^'fgT-f 5 E t 

icfj; 5 0 u it (i ->* x 7 F ©illlitijlL 511c© it he £ 5 fliijftk 
is x. y F Bifilicfsit 5;||/J\S:ilI(iN -il$t tc fF?H L $> o -c © 
5^ i^icii-yiy F©*#3tej^*1-syT©jS«r 
a» L -C £? hi {£+# T? * 5 (S 2 ) : 

• v 7 x y 1 ©SS)M Momentum (Av 2 ) : is x y F ©S§ f 

5HS©)il7f!H5 

• i5->’x7i ^®®i$j : shcjt'ofr 

DifH £ ? 4'^x y F O^UfiTS Sfc®, 

|b] EaSmf^'fB] Site 0 ?{f o "C © fi: © 7 x y 

liH, /££ < JffitE^fts 

• ifr <0 il UlStiSt = as 7 y 7£/£ £ < S 5 ct -effillgp f> 

ISlH^ft, ->’x y F {£;*:# < j§£B£ft5 0 £Eic{i, as 
ic f> 5 ifnJsR % , aSv 7 x y F ®S#t:'#fi) 
T6fz&^ M/h'MM&Mx-fz *b ©i±aS7'x y F ©— gpt 

•asn©)!^ : x)'7 F f^aSn^Hi^aSn^'S) 5 

iSro-tcti, #— ©&V*#PicJ£'<7'x y F/5 s 7:t < 
ft 5 

• -''Ji-Affii 0 M L )ul ilFSl Pulse repetition frequency • 7 x y 

• F"7°7fM y : Y4 yicjfc^ijb, i 7 'x y F ifS# < 

. jLa-<D : MM ■ ®M5^ElitfxfcgPfi-cti, f+iSoffll-V, 
• ttrt&JS* Etc Z 6 KMv§m- t?7'x y F (±/P$ 

< ffltlj ^ ft 5 (^Hf±, 2D i3-fc F"7°7©M^(ci^§ 
t*S) 

c^xif 2 aS®f^S?rS.i£-f 0 SJliSKc 
-e (i, ffisfta © F" 7° 7 iKSSb $ ft § tc ©, V 7 X y F 

* # < ism $ ft 5 3 - 4 


t?s»fcfts) 0 —T7t:\ giMxn-tifflt 

i££±Ff-r rs 

^ b ffiftfc aifit? t± -7 X y F MP $ < fstn $ ft 5 

felt ^WM~f 5 ^■ft(cii;^^:7K I P^'l^©'7x y F fi 

c? ft 5 7 x y F 1*1 (CgLsft^'S) S*15-(C (±, a 

Ov'x y F 4 ^‘IrI(cb^< fefe, 7K¥T7l^©7'xy F 
-e>fcfStfi$ft5c t i$>6 

• h 7 — F'7°7 tffllt©y4 y^ : fflUffitij©^'^ 's$ ri@ 
<t5i, *7-K7“7(c^#L7xy FMP$ <ISfB^ 
ft-C Lf 5 7 

£-ft^x_. E©fp*ic^.x.57x y F iff 0*# 
ft5ciiJ s &, (fei®©1) x ft 7 — 7x y F 9 c 

t (i,5rMTcffPfffi'T5S> 5 m o 02 he , 7x y 

F ©*$ $ §H5©fiJ^^-T„ g^:®f t> ilLiiSti 

50-70 cm/sec fcgg^U fiy-'f'A y(±Ma®7 4X« 
$ ft&©H;Mcta)g-f 5 5 (H 2) c 

Is] HlSfi0lSt*Sot *b> S^riFF? f 9 47x y F (f, 
n?:lyt«< 7x y F <1801^^5 

Lt* L, 7x y F ^M&fziii^hchi, 

Gfcflfc • Frail • t*) Wb*z.£ L, # < 

©Fl^-7'x y F Jj]khJ%.M®#MhcM1%i) i W,#>btlZ> £ i 
^#v^ 0 asit7x y F f3y #Mfl;©IIS/l± (MShM) &Jz 
^(45t *# <Jffitii3ft3fcae>, £5^©#M)$©i¥ffi 
©BRK{±, IfeS^fKjflijEESraO^i-SJitiSMir-eiS (f#t 
ia#T»i^a#T©i¥ffi{c^©-c) 0 g^tc, %-mmhtzm 
SH^#asft^ t*t% ffMS-cx-LT ©&©;*;# ^a?it afrJb 
zm&hchi. 7x y F ifgSE-e®j£t * 1 7'x y F i*{±o # 
t (>ib5 0 

t). Vena contracta (WJfiffl 

ffilitSP Vena contracta if , j^Sn©i - C'Tlmi^lS© Fj ft 

■5 x aS7 x y F ti'M % 10 ‘s pP 5"© 7 t § ( B 1 ) 0 

c ©gp^-eif i«a©)is^E^ bn, 
aS#Pffi*i: OiF'L/P^t^ tTbmWLXhZ, ^©/c®, 
®SoP vena contracta ©K/fffillSiiN )R^©^S ©fiSlS© 
2JL X- b 5 5?iias# n ffili EROA tn 

sf+ tit©ssgp©s#£(±, as©sa©t^n 

if$if*v^ 5 ^ —'L'JWHHo^-C'ii^Srf 5 ci^js, 
—gic * 7 - F' 7“ 7 V'tiS L fcSSgP hi, SM he f 
5 (entrainment Sg)) ©)£•* 

^if Zfztb' A< fl(l()fcIfQS(ip vena contracta <F FtM V 

-V®fcffFfiiiiE^:SMlB]ic$>5 22 0 L^E^ft^©Rl?-^#© 

-ofo, as©^gW4*ffi®}ISi:L-cWffl-e*s a . * 
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Low 


* 7 — y\ 


istm 





Pwr = O* 

Tl$?M 


rtn^l llSrtU 
Im’TMpxKf't 


n/-a/ 


69 cm/sec' 


T1/-2/ 

1/? 

Cflfil-T. 


High 






y\^vVM/'^AVMA' 


3.5 MHz 


x rv-E/ a^A 
i/i 

jf'Jt' t&G*. = « 




YJVMTM/MAJVM/ 




0 2 * 7 -vx -y h©E*tc#ir3 s *7-^>K;MJSU'Vv>' (#T l JaLJi*fO vx -y 

h L4'l'/cfeC, * 7-^rV vKjtti/ -Y LA'vKAlcfS^tc-f SOSA'S.S 0 iff U il 

IcfS tfSalnlWJ: 0 IS idhl 5 fc to „ 5^x7 ^©/ctf). iSS U > V s (± 50-70 cm/sec 

5'<#'£'£>?>„ g:fcit^=i-7°P-7''©J; 9 A'lis vx-y h l±V>V>A# < fflttS $ tL& 0 


7 — K 7 y j£(C i 5 §P vena contracta © nf-ffi 1±. 7’ x y 

h SBiSgit ©fpffi t Ittx L -c, ©,f* 19 )I t" 

©StWEg A)i?lf ^r^ltfc < t> 0 vena contracta ©af 

fffitt, 2D f A f± 3D © * 7 - K 7° 7 & Z ffl V» x ItSlJ-r 5 £ 

< ©/^PejUIj$.;6 5 S> So 2D t?©fp 

ffi”C*{±, |W| — Hrffi x y h © 3H^ (^©l&AlfllS 

Flow convergence^ ffiMSP Vena contracta. 'y x 7 h |Ai|n) 
SW®©E'-A£aMt5x y Hcspff(c&t 5 d 
i^'IE5i^ftSiJ(ctt^l-e*So **l» 9>;SU MS©Br®*^ 
L f 2 £> L irf&'Uffl&'t ZCttfL ii' L ii'£>g tc * § o 'V x y 

ti^KWfStHb^t-v^tcMb-C, MP. ^©T'H^#a 
}ffi2'Vlif§t>tltc < © Q 17tl5[mm#ji©fF?fJiS^?r®/J\ 
Eic-rs/c©, X-A LVftSiJ-rs c £ ffigK 

n|jj5jfpf (Vena contracta area) ©fPfffiK {± 3D 'C'Og+tiU^ 5 ^' 
IF-e& aSfiA7 5M yPt/TfcTltT)ffi£Bfgi§L-cff- 
803*1.5 a. ^©fcfe, ®l!>&*©&©* ±T 

S*©PfiS5r±lf5 7t©*5^</Jx^ <i§:®^5o M(C, 

m^mmuLiHL v w-xi-sojiist. <, ^KSrSi-s 
gSMittg§Bf§ 3 *Ui i; * -C v> 5 31^0 
ifigitSPt±aS 1cm SS-C* 5 A«\ /Jn $ AfHfflPMt? 4 A 
tfcHHtRte-Kofcassfca, KOW!) 

-VA© 0 ^-©tc©, i <9ff^(ciiifi?rJ|xSL-ci/< c 

gt?&5o 


c. ® t Flow convergence 

3^1 i/itn ©jfrjinPfe do 5 1(5.t > (A A .till A (Flow convergence) 

Srl^S‘t'5 c t (±. a^E©aHnPfi©flJ®'V^ aim©@lS?r 
ffFfffi-t 5 ©tc^ffl-ei) 5 34 o 

-V X7K* h 50-70 cm/sec ©)fi 

Sw^|9:^fct:«fiRl$M©^v^#4iRv>a*JliiaE«:S 

a?;fL©s^i±, a?t©s«i¥tttHaL-c©5 (tib#hs)„ 

4. y'Vt-^ Fy°y;£ 

s</u7. F 7 7?S{i^ %> 

it-e%, 

a?itfi!iEis©i¥ffifc(it^5 c So 

a. ml^jSFtFifR/jft Forward flow 

s (i-g-K a, ^ ©#£ii)a-f s M73!Kfnag5t(— 
0tetH*) (iilin-t-So M^JfiiSEoiiinJiESE^ 

KIAttvmn-QW^V bix, $ fp(c#RS^^©li^(c(± 
e«« a^©)stfi£#? 3s o (DMmiW* 

*H^©j^#SrS»t, ^lASP©*S (#MEM{B4: 

t*), 'C.'ttffi*©IES&4i:*KJ;S^SESrjffilj-fo^*^. 
^©a?i(ci?t^-ci±, fis©a»iLic «£ sffn^iitHa»ft©ii4p 
t t'i^A ffimR#ra©i£g*$Kmft©B#Wjga«[ 
^fiI(ilM(/n-rSo-© i ? 4F^IIi#»t'li4t'AlS 
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0 3 #tl#iB3fe© M =e- K* 7-0 : JR*l&ffl©*©iB3k foffimt£.m7n y 

ttttZ&Mlz&ttZiW&ffimo&l/Sft&.ftLo (EROA) ^ffi3KSPVenacontracta{cJ:SfflMffi«: % £J]XH 

IFi£;jitJ7:FFT'(± N 1:1(1 yFiRliffi LX Li 0 o 


<DMlM.X3g.it> bti6PJtM.X >~0 t £#x_ Lti6o 

b. jgfrifnSfc 

ita£fi^#-v>*^fc{±, $^nfc#&trJ®&£W±±giEtc 
feill-SIEKififTifliaESr^UScfciSiS. ft 

— (fe4Fi2i$ii®F!i 

ia\ c HSfeS «?, e*i 

(^5ft^'fiSt:-3b5»>85%) t?*5^ 
Fft E■( f: 0 O 00 

M J DH® Dissociation 7, '< — ■> y 7' i- <t *) SMIez# t") 

^t±K3SMic^fe £>4u ^■©ii^tifii^E(±^:(tiM'^4 ) M@|i^:(ti 
Mtcs?© tig ft OtiStfy 

ay/y^fT'/xi t'itiSC® HFP®i£ll£S 0 So * © tz 

ft, WS£&:£IKiM:£K3RWM^{±:fcIKiM#jffi®®f£M^F>TJL 

(7ctx.ii\ 

Valsalva «» S6JJRW0#* f). 

5 . mm&F7°7 

mm k 7“7 sr m v> *7-x y vmm ®itaa, a**® 
SOI • —^©EEKIt, i£SL®0fP B m» j£SE0 ®# 5 7 
4 i S®K^fflt?*S„ aLEfc F*7°7TM 

y T ■t? t±, K 7° 7 m ® fSS % *f ffl * If * t? * 5 o 

a. h JislMlS 

K 7“ 7 ft-f - ® ii, fS-f - £ MW L #lfiiJt 0 & tc ft$!| -7 
5o *©fcft, lS^&F'7"70®^-iiffi(±, iiSE*£MH*7 
Se£ic&§« 0 **u9>*., F'7"7ff^0jiS^»v^i^{c 
t±, iis/c 

it-e4 ] ^Kt®K^E@j-rs0(±iiLv^#x.e,ttSo tfc 

F"7°7fS^-iftS(i> — mfflvfSXisx. 7 Fotoi'oSM 

fME-C05ic; of <9 tf-Aic¥frc*#® 
4^*^ b 0*o if <"B^ < 'J i y F tdy fc* — A ic^pfTt? ft 0 
7'x-y F £ M£ 0*®fti£Sref>o-tf>) ii<ISfi$^So 

£>. 7 4 ;' >7" 

0^5*4 5 y 7"i±> #lf®£ 
JS*JMTS&0©MKWffl^*So # < ©IffiSt{i^JRifSW^ 
£ik3K8H fc :fc> ftoflSft BFOtiftStSo^Tl'llft 


OftS (13), fgiH#^0^ij7:-(i, ifigfEiS 

^aa-e* <, jRffi^ao^fcg®fcH5«^fc{±fia-t?)S: 
©e i^ii. ^ t*t% -L'l® !1 tr5 y 7'';4 2 Igft OFtS e £ 
f>(St/0t"ft^ o MR-^H^itSEfc, #&JK#&Sli©*^ 
mmmv%Km*>btiz£t *>%>*), (wtcittg 

ffigtSE ©*&£•) (i, ISiSE li%£&itdiit>-ffrX'&?> c b *M 
%?Z 

c. i&mjgvmmms (mmm) 
iS»3fEjaffi0^F0^l2f±, ^0®?f0±T0je0l±KMi-J: 
54f, l, 

7^ 2 tu(Early peaking) $>5W±^7y F^VIF^ 

mtiitfm&X'hzctzmMi-Zo 

0-f-t tt S tiro (±is5if^fiS7:- S> 

Set 5r®i^-rs^, >D^3 '/7‘74 7vx<D§M^^i> 

ctfrb, JffiS&M#itaiEfi, i£5I 

MM i 5 S e t is* D, 'C,'S 3 y 7"7 4 7 

yx0ffiT^, 

l£?S»l0i44 5 7-ifS e 4 LI6 

4 t/i F^izi*tc fi^'|d:07o®l0iiytii^iiiL't'4EP^c7 Sff^t? S 0 

[a $mm.fflm9i*y*- ne m. if »mi 

6. jt&;jfilcttTZ£mffiTyn - ? 

#®if0^mffPfffi(c(iJi3- K77S5:fflV'/;t' < 

07jS o e ixfei 0^fS(c J; t) o iffilf 0fiSEKtllll 
t5^0 30 0lI@5r?fJ^7S„ 

(EROA) :®$,K^0>i)0£^-rK* 

WiiMS 

• i-oft^0ii?iM (RVoi) 

s 

(RF) : lEtetM: 

olfc 

»0l67Hif±, »% ^ 

00^-e*s e tis®*®w^fc*^Sivrv>s 0 eFtf. 
©SiJ^ffi^, #ic^rtt(ci?t^-cft;|& BMI) -e 

ffllE-rs#^ IfeMfiSJ: Oftix-O'S^Kov'-cji^-e* 
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Annular Diameter 


Velocity- PW 


LV Outflow Mitral Annulus 



S^lvot “ CSA lvot * VTI lvot 

= 0.785 *d\ V0T *VTI LV0T 


SV MV - CSA mv * VTU 

= 0.785 *d 2 MV *VTI MV 


14 xzi-10ftd3ffi©ft#o MR ©C1©^JT’I±, ifM#*! 
gp©l|slttm* (SVmv) It (¥S3.5cm, 19cm*©f) 183 mL f* lEttFHm (SV LVO t) 

l± (^1 2.3 cm, 14 cm 4'©T*) 58 mL 7?*S„ «fc o T, 3B3MNJ 125 mU 3£3lE$tJ 125/183T? 68% fc *So 

SV : 10tattm, CSA: WtE«, VTI : ilJS0tW*^MIs d : 


s. Ma s s©nttg 

^#dc^otr©5©;3^;3dcoi>-t:t±, |BtD©J± 
KfctA^f-e&So iOKtf 5 *©Bfffl©— gPtc®fc*vO'S 
EROA nltltea* 

*> 5 ©t\ ;K t> E < ItMMoftWftWz i -5 

^©J;54 G£SE©B#ffi# 
EBfetfO'5) #iS!SEic*tL'tf±, 

S± D&WIiJSJMS-e&So 

#&«£©5£MF«£H\ TIB© 3©©Afe5 5 i¥ffi-rSo 

a. x'7i^ F'y’yii&fflL'fcfcMWiifi 

K7 p ?&*fflv>;fcjgaB£W*3H6 (VTI) ©IBtii:, 2D 
Si/d± 3D£t?©®TfimfflAgt>^S*ic i A Stidf 
tb©SPfi©)fiiilfll?m;m5rft#'tS £ itfStfDfcSo 
&lt S SitAlfiLgitm t aEmJflL8fE»oHi±, 
iiMMtcllc©A»l±, 
IE5l^tf-aij{ct±aij^#f@A©»ll« (mjf, ES*fc$&-e© 
ifniM;) 5 # L©t HfcfiSttf&A-OOittS* E') 

So #ffl$i©4 ] A:|lt>)@n0^ftHcA# $ ©lE#/©^"^ ©nPtt 
t?S)S#li@P?rM®'rSJfll»il*tt, #H?ff©»ng« (CSA) 

t, '<*7. K^?S^»fcit/c#irSPovTiof[-ejiai 

Ea*-et±, -^ic^n^^iEnff^'c-t.st© 

0 3l-o<dx\ TIBo^^'ifiiS.M^^^SSA 4So 

l@ffifi)m(SV)= CSA x VTI = (jtc7 2 /4) x VTI 
= 0.785 x d 2 x VTI 

d ■ #Hg , cm, VTI : cm, SV : ml 


10ffiHjM.(±, iL'Hi ?>LttjJS& • fit flltFlm • tJilSillijiigA <E, 
2oW±OM4SSPfet?»lTi!It?# S„ WS#4l4v4| 
gfcli, ctt£> ©SPlit?© 10ttfB»©ftaW(±^L < *S 
li-ft?2bS„ lo©#ic^gK^$) 0, ^oi'fl-2-t'y h^'i 
©F§ttfc(±, #fS!SP©tt£M Jit'S S©ftl2© 

ffigr&#£®©AS lEtettiSJ: D#< 45, S^SPfcft# 

SP© l®ftttt*©^A\ RVol-CS 2 ti S (Mi)o RF (± 
BVolSr,iS»aESrW1-S#Sriiili1-S (SV) Afijo 

TA© EttS„ TfB©S, ttc S 0 

RVol SVRegValv SVcompValv 

RF = RVOI / SVRegValv 

c ©St?{±, SVRegValv ttifiMSrWt-s#©#$§SP-C*© tz 
l®»tti*, SVcompValv (±IE^&#(C £? Ft 5 1 0 IS mmx tb S O 

EROA (±, '7 

F ©)lSII#P H s Mttfit (VTlReg.y-x.vi) TIB ©ft# 

5S;-C*^J6 fctLSo 

EROA = RVol / VTI Reg ^ „ i 

C©^-ett, ^•C©ttS | iffi{icm Aml-C'S^ A, EROA 
(i cnttFgS $ tL S o 

cfib<D^<y/— 3?© ft'$ij (c A 0 S U A © 1£JI ifli, 
(l)ttllg£IE«icIiJ^'t?#T©&© (c©§ao {±2*3*1, 
tit)), (2)^'OWX F*7°7$ifftlC:*?©T, jIiKFJctt (ifo. 
If)©ApPtt©)$®^ trAH t> 0 tlS WH^pP) F t— 

xt-t-t©&v\ (3)1FyAvt!)a-At, 









(MitSE©) ^S^S/hRKL/difitcisg-t:' 
tl v C©4bv 4 E'd $) l 4 b tl 5 Afe>(C(4, flftlttllSnll 

-v # g ft © #a& v >*§£• k t±, ft w#& © mm © ao^ t± 

S9^IBi(c4 9, ii^ttt<4otL49„ 
C0^£®g^®P«M£td ^tb^'tb© 1 HI IS (tlit 0 fftIJJ 
# s , 5#t?S> 9 X 

414tbif4 E> 4©#{cjSg|-4'5 < , -HE-C-S - © (IS—IfSfQtE 
T©) M^l±> 5:0 10IStil*|W|±©5l#^5r-r5 E 4-tt 
"tbtt < iSo t:# vMSft?;d i k5O0lft?£'j|V i 'C/.hA v*i®E 
*£t®5i*5d A$>Mi*ffci4i&ilt±;*:0 <4S„ 00 
x. If, Itifi© 3D * 7 - 7 n - ic £ 5 JgfiWfffi©W2E ± 
5 E, 'OK MRI E JfcR L fciKMdl*©!^© 95% fSfIK 
Wf4, fHI#&fc4?v>-cf±± 18.9 ml X'b 9, titOMtHifc 
4?©T{4± 17.8 ml E08£A*l/O'S„ Ctxfeofiitltfi’t 

dtcfjjM#© i®}em*^fc*«)Sis»a£*®fl!HEKf±, ± 

26 ml ;£ trlMtn L "C E t 5 0 -ttb^x., c. ©/EitfFfiSi^rffl© 

5 m ic (±, ttaij ic g » x m& ® as * & t * s * i±as 

1SE-C4?< *<#-c**s 0 

6. Volumetric ;£ i ' 

IStHAtb5illHIIStii*i4, lEIStiiM 

(svRegvaiv) e#e< 4*. f>E, m¥f lHifetiim (sv Forward ) 

* K/tffitt ©H!i©^ft'eftaiJ^S c E #ai3fe*Uf, RVol 
£ tdtS3feSo £0^&dgtffl©fetb50{4;£ 
>L'^©^&©#lMtiE(cttL-Ct:'S) 9, 

4 i®fem*i± 2 d xn -tc i s^gaoftansrfflv'-cft 

*3 ft* 5^*. E©*£\ HUT} 10IStH* (SV F orward) f4, 
iilldi;©# (MR-C-S.tUi'^iMtHi, AR -A&tbiffiii 
#fi) ^fcftaOS^S. o4D, ft#^(±TfS0t ? K4S. 

intern* (svlv) 

= (tE^IS^itSD^f*) - 

RVol =&^m^kfrb$ubtc HHJStHM (SVlv) 

- ilUTj lHlISmM (SVForward) 

EROA = RVol /'Mi E'>*x y Y ©jSfflSWSfcMB(VTk„ 

X- =» - % SI V dc © ft##?£ (4 KtS f£ ftlffl f£ IB# 

AtvO'S^o, c©73?i0|5Sl^t Ltlt ±!B©K$?tcfB# 
A*vtV'5S9, fi©;£^??fI£iI/tftfffiE4 E£©iM© 
SfStii/J'SfLtLi 5^itttd&5#-C&5 0 uti 

{4, i/;3'/l7Xlx 

3-Stffli'Slia 9 K# A tb 9 5 ^ Mt- KSHffll 
tcSo*< >L'^Sll©i¥fffi(±II^&K#£W ETi? 9, JflgA 
tvC0&0 o 3DbC3-®fJfl|(i N £g#KaO£©*fa«:l«] 
_hE|#5d& Etb4©xa o 

c. Ifaimmzfli (PISA ;£) 

tf iffitfi IC 4? V > x jtfii^t (4, I^E R ft Vtl R Jt © Ft £ IS t 

4i 5 fc, JfttMj£®®«Jni:*®«®®TSr#v\ igSE#nfc: 

[g/to-ClRSE-C© < * 7— K7°7S^fflvdc-^ y t’y 

diet 9, ifliSK^Sf9HEliS(c-S:^5^P [ |lt (^-V't±. 
a tbsfeiid#fe^e>s) ?rism-rs 

c©^nit^ttbVVc|SmA-tlrS/t®lc x -^©it 
g^"C% t 

(MR ©#ijT?(±, gDS-D^3-0-Vi±*MffiiJ(cH]ttV®|| 
ZT If5. g»E^n-B|t:-t±*||^±lf5) 
So^-xd y?r->7 I A-tlrS^tcJ: 94AtxScd ! 


—®73ltl-©jllttL(iMe : SH'-A J;SIt?l) 9 
K7 p ?t?{±^mt»#*V'fcai>, JliiaE©JR*ttSafttfc4 5* 
dB#7?3b5„ IJt 9iILjSSSri£T5^Sfcie>lc, ^©b-x&H 
Ul«t (PRF) # 

< ©^x3-^a#{±*»Sr^1-^Sr« : tr«l; 5 V-*S 0 
PISA©^S(d *7— K7“7©Ilf 91ML (I) LIS->'x 7 
t d t 7 xxri-d—d&ffitbS^Hl'Vabtbttt 
(Cfed^^ft-rstlf) dfe. *SEt-T?©ftA-T?ftSlJAtb5 0 
l/f 9 IS L ©lraf|l(i variance color mapping IS fit V V) -5 t t 
9ltU4Lt :, -tV^ b(igr ©itPUtltOififipPUXS^^fe. iffi 
JE©8ffi® (RFlow, mL/t» f±^P|ft©*ffi* (2^r 2 ) fc®f 
9iILii® (Va) ©«V\ TfE©5tV'tf-^:Atb5 

ifi tt © Itfit (RFlow) = 2 jrr 2 x |)f 9 jM L iStE (Va) 

ills A tx tc PISA ^SdffiatSSog^Bt© %<Db \KKL L 
tzm&, % ©1^© EROA t±TfB©^;-e|#f J tb5 0 

EROA = 6.28 x r 2 x Va / Peak V Rec — ,,. 

C Cflt PeakV| iC g .^ x , t . (i a iStttt K 7° 7 (C J: § jfititJfi 
^©gtlffi'C'S) So ^15(4 cm,iSlS(4 cm/ #t?|6 A tb5 ©t\ 
EROA (4 cm 2 V'SAtb5 0 t/c. RVol (4TfE©^;'ett# A 
tb5o 

RVol — EROA x V r F I i;,. K: ;/ T 7 f. 

VTlEeg v*. y h : '7 I ©iiSRtF^*ttfS (cm) 

PISAfittM^d^M), t: L-CflS^Jt-t?0tt#(c4b%^-Ci 
fiA'l)5 (H 5)„ PISAffii4M?fL©*ffiS©®4»s 
KfFffi i Wit(c L, #lc|iifltttH^#©3i&?it©^m{t(c4? 
i't±I4Ml:4-3 tv>S 0 ft?IJ©l'5r|f 

||1 _ 5 7t©(c?±g5r|At>4j;Otb(4'W44j;i\ v^> < oi'Olf 

4:jgfJdl¥ffi-r5o 

• SIJ^©S 4 i 7 7" : PISA ©ft^(4Klt©gt;itLii : Srfflv^ 
5 ©T\ 7 ©7t^-C*© fe tbfc EROA (4. ii^©^{4ll 

?> t (4PSEAj;b^« 0 MR 
(c 4? 14 5 0#lg®©ftSiJ5rft o tdi*©tg^-A'{4, ifitt L (4 L 
(4'Lifli6)Aife 9, 2o©MS4:?±**d?fiilA tb-O^ 
5^o l*g( 4. JHfittiiS©fHfJi4, ii?it|g©|Wl-© 

ms-efft>ti6'<^'C$>6 (as; 00 Jiff, JRSS^ffiojfii 

SEOJR^t, HXli4 ] »l©iiS5rffl.^^d-ii-V(4W4Aj:©) 0 
2* g (4, ¥^© EROA ?rg>6 #t> E V © 5 PISA ©fftPJj 
(4, iffitiE0gt:jll® E |5] EBtlg^fflv^-CftdtbW^ (0 
5) 0 io-c, c:tbf3©SIiJic|^v\ % o E *6 4c # 

©JRS©B#IS*v^51>(4V-14 M v> eUH it5 
i?*> 5o — Jt’Hti y h ©KjStJ^ttMfc i 9, HSIS'I) 
4 -ffltt© - £ tt MR S: jg/MFffi Ltli) dtttt ata 
t 3 , IDUS^K^DS—^ttMR*®^:fFffiL-CLt 9 
>6^Sl(CgV4? < i&S it$>6^0 

• MMotmim ■■ i»NF©ftao^¥iii©ftao©v'-fHSrfflv' 
S^tcMEtfi, #(c “—fP©0#||©^.© (gPttW)” ii 
at (00x.(4\ 

t©MRd mmm t mmtfcmm lambm utttt 
MR)©0#(cp B ^ME 4 5 ^ 101 o 4gP^tW4j^^0#-B-, 
RVol (4, gtl© EROA EiiStSc K7“71lSfft©g>6lgv^ 
4t©®Sl^ra*iH» (VTI) ^jSH4^d-^5*(c 4 9lt^ 
Atb|#5 0 E^E4i*fe, EROA5rtg^-r5^lc(4, “¥ 
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Flow Convergence Method 



Reg Flow = 2nr z x Va 
EROA = Reg Flow/PKV Reg 
R Vol = EROA x VTI Re 



05 JR (PISA ;£) t#J©W± PISA ©^i©f+;IJ E, X 17 -K 7 7°7-PJ:3v^x 7 h 

©**JfiL3Ki&£ (®H) 1 =—Sfc-rs, y-7 U-A©iK©8tl01i (ftfe©ltil) SOLTI'S. 

Reg Flow : )3±;;fE©;;m;3E Va : iff U 3S LilSJSs PKVReg: v x 7 h VTlR eg : v" x 7 h © flfl: 0# Pslfit fill! 


i%<D” EROASrffl^SOisS4SV'^rS-e*S. *©^S 
lc (i, g*© EROA £, JlXffiSB© 9 E 

ffiiE-rSo E frl, RVol © 
15 it £ 1 MW * I+SlJffi-e & 5i#x.5'<;£t?&5 0 

Volumetric iiPL°fn't X $jti ti\ EROA © It S) lc o % "C ffi 
SSrfT 9 ♦ & < x C fib ©il®it0' < y t — 7 £ff'@xt‘5 C 

•PISA ©Iff® : fflf£©Xj?£t±, ^#PO¥ffi(±¥fe-eS) 
0, ifll^OI|X*t±—ttx?&5 EpSOiaoT 

V'S^ LfcSTttt Sf?T?{±»f^ffl 0 i?-lc x 

^fiB# 0 r if y V 7" E X v>31# tcj| 
fcttS J: 9 ic, $»itP[i¥ffiE©9 J: 1 finiitt* Lti' 
5 ^* 5 . -©R$W©i%S(±#J«TN<#-e&5 0 fc-tf 
llttSL©I|XIIC;£ 5 ^RJtiiI±£S^^©5;^E>X?&5 
St-fc, ifiiSL©i|X* ©Iff tt-ME-r^RJtttE V' 5IR-eti 
&<, ffrDilElIS (Va) 5 i 

0 icMM-tz&%&$> &o i Ljkffi<Diimi i mwgm<D& 

fJrVMim 

S. (Va) *_k\f' C, JtoSiEOJRSSr/J'S < E-Cffl.«^H© 
SfH 5ri8 0 (c < < 5 =L 9 (c IS E "C <?* 5 

-e$>5„ l^l tsL-ttib. %Lmwsmmzm&icii, & 

x 3 - i&S# (iifeSft © UXS: K M E T 4 J% SffilE X> pj 

!& L^nJtg-e&ii4i\ PISA 
& £ ffl V > XcfHIlJgJfl l±fg£-f-«■ # -e (± & V 
•ii^#P©ffif«J : PISA E-C©3 1©©^ 

HI±, iS»aE#Pi^©^t?*S. ($1 x.ff\ 

Flail Xj;#^) itMMl5.l£PJfl2<z>j£fiiL#nZ&i$1-?>—15 

x?> «|gft*^fc:&ttSi£SE#n®IEHW:, #©@£*1 

6 \ a^©pisA?s© 

ftttizoi. 9 4BP3^©jtJK#PfciiJ®-rs t, 

(?llR?jitm©i!l''J N 'ffl z {ii5l^©Xs:X0'oV Lt ) - 0 L^L, 


Itifi© 3 y fa-)! -£ffl ©Xdj5E#:Xj^ ift & •> 
y a y (c i 5 E, ifiiSK©lilP{±jt^#P^ 
t* Ctc^ppttttcXj; 5 ©-e, BP3^©J^0t?Ii - ©®/h 

5 ) IE' ) #^Sp 
S^-O'SS. 3:l©BP3®OitaE#Pt?I±, a^©PISA 
?S5:llIV^Xc (iff 0 ilLUK [Va] 40 cm/f, i2i5iE©:(b^ 
5 mlfpb Liz) M i^ti HlT^©jffilm;#PE 
ftfXE'C^ XcoXc 8% ©iiS/jNl^fiffifc E^^^: E>t^ 0 E^^E 
5:lOjt^“Cf±17%©®/M?ffifc, 10:lcoit^X 
fi 35% ©IS/jNfpfjSitco^X^-o'Tr L^ 9 -o 

^■tt(c(/[]x.-c, < 0^0 PISAScffiW.^v^ < o/HE L 

Ti? < 5 ^65 o ^^^©ii^E'Vx 7 h -V'&XUfX M 

E* - A i Jin^u© HX* ©+*—fin (C -r 5 © ti 
-eS)5„ ^itfcME-c, jiE'1±©y'x 7 ht-ii, (MW&p'- 
a E ©USo^S^s #IX® ? 4 y K >X iffl v^r 
y'x 7 h ^fB®-f?>®X 5 ilLv^®t:-) P4S^ 5 S)5o —USd^jic 
(±, ^RJt©HIP©f)f OiIE|| : Sr|lI^-i'5©t±^X:^\ iffi 
5fL#P©fifi^^-r5©l±SIEv% 
t*- A t SltXj:S®©lfll^^^ E, iS»M#P©ftfiofi% S 
v^gEPEXj;5 (H5)n ft y- 

t a®© % L < t±* 7-Jfn.^t 

©liif^ : Srii'i'#i)®(Cli-9^<fc Eit^v^„ ^i^ttMRtlE 
IfumbtiZ i 9 (C, ^5ft#P^R^-e(±|Ev^ (HBiltt 
©IF#J©) ii^(c{±, PISA © Iff« f) 0, 

^t?{±*< Xj:§ ««„ 3ifc7C©*?-JlDLsf£I± (^ fc < 2D® 
PISA t?{±®/Mf® LX Li 9 ) PISA ®*ffi*?r i 0 ffpffi 
Lvt<ts^ 

S^o ^IX©®'im% x 7 f 5r^5 tM'a '(c (±^ 

PlSAS(±^ix^'tt©^ijfL#P(c)ifE-e#. Jfn.^4 3 EROA 
£J£L£-*>-t 0 % E lo0^i^©MgE^#{cgS©Jl-g-lc 


11 












0 6 CMR C £S>:£lt (LV) «t£M©—BX Oi>$® rt'fc'i>SfeSP£ T'©il®£ LS)SfiX 7 d Xt^'IX 

mztiZo (lvedv) t± % j xo^-rn. mm><m^) ©£-i+-c®dH£ns. *^jr#s 

(LVESV) IX X©*;£lX^©lS§y^to&«&£'^i L* 

t'C t iC)±®o 


(X j ?:tL(iiS : ii,LT%g.© 0 i^Wlca?i, SttWii/c 
g©fP®<X d^+^&fF^^flXSXXXPISA&tfN 0 
SE&E£©#S£^CStXS^fiffFffiL L-Cgkffiffl^X? 5 
Sffitl&So 

[SAMSSSSW^-fey*- *#«&, m fcffi] 

C. &R MRI It*ft J:5#^©l¥tt 

X x. n - 4t * t± * Wffi X S IH C £i* ff t> ti S ItS 

t £xl mm k £ o -c t± & «£ * mw c if®- c % * vsis#& 

So WT©£ 9 &3&-e^llMRi 

(CMR: Cardiac Magnetic Resonance) t? $> S 0 CMR 

fi (LifL{f X^^ —ItS-CiligXS) ('C/F)X#:|&C 
£ S fStii © R#tf* < X«£# iffi& T? # 5 fc », i£gX^ 
ft LfcfLIfcWTlBxBftX'W 0 4i’tc i X'trt So ®CWtE 

Kif < , mm&5- %^s-cxSo &±, cmr htm 

^©fi-ftSfPffi©^ £>f\ Xil!) ^fy y ^"©ftfid’iiMt 
dx^XA©ft?ii£xs awt So 

l.^mmm, mmujuMKoma 

iSflT® CMR ic ± s #)M¥ffit?(X (s/ 

N) It bM ©IM - XS5 3 y F 7 X F X'l# 6) ft S steady- 
state free precession (SSFP) '©i-'X ->—x yx ?rf$!flEIXS 

- Mtt{iX£ UyKWi (—E, HJgX£X'rajg§0 © 
#)BX?Xl#XS «o XSSPXibX^gPI; t? 10 mm X b ©® 
ttft£f1 ; J?S<;XS XXtX 8 mm ©X 5 d Xipgt? 2Xfe 


4 mm © x 7 d x f^SE® b Ltz f§S\ (±>IS l tr 

^-fe^XO 1.5-2.0 mm t?X S —» CMR *Mtet£©® CiX 
#(c*^?rS®-rsFlS (£^f#S©M£©X©\ 10ft 
m«¥m©ffSXSi§±X id's XX tx X 7 d xFISFf^ffi 
fe>Xv diMKij •Sr fefflXSiffiiSiib5„ c©)8i^' ? A'X'> — X 
yx^ffli'S c itx -«cX#»©Il#X1»A£>XS 5X 
f> 8#©,ft £b*.X\ 45 msec fetT®B£W#j¥M6 (20-25 / # 
©7L-AW-F) ^ffXXSo ibx^-e^X© 

jS#©i§S(X >ftC fefcHXf CIX#LX FUT^rMAJ 
;px ->-x y X C £ o X, £ -f £ -f ©ftUX £ 
X-LVRXRV©§*£ffift¥SrWffiX;£ 
tX**. 

jySKjXSjB-y !1 -X©^iJ^H6tc^Xo c©x-^-fe y 
F Srffl©S ctX LV L EVO^mW^tlSrl'^-CfFffi-e 
n®^46t\ fix^S?riv^cit*LV t RV ©l£ 
®*»)4b’J;0:'i|X«^fiD§*^tFiIljL, L'S©tttH« (SV) 
L||tH^5r®tHXS aistt So 

l ^B«®a©Fi¥ 
ftfc mi -s swto L'^sawjftc hx s ixih* re*^s. 

S^\ $ feCW&-XSCfBXSXd y F SrWTKjffi-tSo 

a. 

* mfe -r S ^o ft3g5fcJ8 # £ OfJRSS^M -e LV b RV 

©ffflfWKIHictio *f> 

SFbXLJn$ < SSHtfttlFT) ci^ s S5ct:'XS 
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H 3 

ftft 

MR 

AR 

TR 

PR 


(ft^© —Sttlfim) - 
(ftt)Mftmiioi t tan 
ftS-Sttttifi) 

ft®M*gPft«F]# icgtE 

(ft^© —01611m) - 

(MWMft M0 # tan 

ft SlMifltm) 

MSiMft«0#tanft 

5 ifllJJitm © 

ft#L±i5I¥ffiftft t 

• (ft^© —®ttttim) 

- (BfUSiMftmlFi# t 

aliflft <5~ 016 dim) 

• (ft^©~ElSttlm) 

- (ft^©—mififtfi) 

• (LLffi©#fW;frsiiAifii. 
flitm) - (ft®)MftM 
|P]# IcIltS-IUtt 
Ills) 

• (ft Si/M ft Wlp] # Kl 
nfts-mttttia) - 
(MSi/Mft Mip] # id 
nft 5~016 film) 

• (ft^© 101611m) - 
(ft^©—01611m) 

• (ft^© —01611m) 

- (ftS/MftHiJ0#t 

anft 5 —0i6tim) 

• (ft^© — 016 Urn) 

- (ft^© —01611m) 

• (ft^© —01611m) 

- (ft^© —01611m) 

• (ft^© — 016 Urn) 

- (ftt)MftM0#t 

Mnft 5—01611m) 

SFJfM 

£^ftft, ftMftft 





ftfflllilWFtfftfttti, ffe©#©a»fE©i|q£t±f£#L&©o 

+ #ff-fSfl&o#oiil8(Eo?¥ft^4^^tf, &SW±ffe©#©$M©®ffi#ftfftt-e# SPSft ft#fc *5fP«ftfti>f§flt# 5ft 
'<k~Qhho 


b. tiMnPM%l&riB<z>jE{$%:sg£:tf}£#)¥- 
Si>L'*gp{ll©X7 4x{±, EKloW-e, SSS^ 

®©ft<Lfc8&ffllK:H< ft ttimmistiZ 6 \ #«# (MV) 

Td 5 , l|X®5feffiiC(±^E^iflI?Kfi^-g-t 
'ficiEmsSiaMMo^-^'t ft t &$>&&& Lftt&© 0 ifnitfi© 
50%«r^>L'ffi)iciaf ft, ^ojR*sasKjfii»i§«{isjiin 
Lt©5±§-£-(±, LA HDjlJt# So :S:?ift0:ft<b®TiBftil 
gfts ctt, 

5«?t/f7 7 h y iTfl^ffliJ&fcftS*. RVOUIPM^-x 
fcl^ESfcfrfcft, RVte®*W^*icRVOT^*i^-f Li5o 
cmr 5 ft®, afa^Kjfc^fc&iSi 

ftftt, ft:£ftt'Lyg©§l*ft$ij5£ft5 ft L^tt § 

IS, CMR f±, IE*;* ti^iMftftLot, glilKtS 
5 x. t © 3 "-^ K 7 7 y 7"- K 1 # x. b ftt v> 5 § o 

c. 'L'&L'JlMJZllBcDififmi s JJ£ 

c i% i i&'s.&mmm ft ft © 5 ft © t it t> ft § „ 

ft 

LA ©^1*i± LA ft^SPgt®lift fat 
L'BMMlIfi&jft© L 5 t Aft|o]© area-length ft ft ft 5 ft 
it^Utt 5 aR, 

CMR t'#fB$tbSML')g©g*©IESISHtt, ftlllMi 1 
&tfeS-eJMJ3ft5'&©«fc 0 i>ft# < QJ2, ft©7ftc©©t 
7" P ft d - WoffilKfi, 

fflftffifflftSftlti 0 Bftj|g ft 5 14 ’ 15 ’ 73 ’ 74 ftE(±»ie>ft< 
t(±&£>ft©^|t'&5„ CMR (±, ftXft»Tffit>MtftfL 
ftSfta&fc, ^MoftlolIffPfffitftt'tyjt^ t*$> 0, iHS© 
tKffftSi&ftSS&ttfcfcSo CMR (±, LMW^Stti 
IBllft ©^©g? - ®!t fir t If ffl t3s 5 <, ft ©frf-nf 

©fp®if±, H'L©S>5K/fiBt\ li^L/c (^>-7^1) 

It ©if ©ISM (4-5 mrn) © SSFP ftftaHfaKjift 5 ft 11 
iftfg fc 4 S. ft ftft ft © # © ft © t iSIRftt Sgtfj * ISfffi t 
o©t(±, f£©-fe 7 ft 3 ytffrffit iffiffift 5 o 

z 'uMmri $&L'£#&;jfc<z>mmm¥ffi 

L'Si MRI *ffl tftc©MffiSffFlffit (±TfEt7ftft© 


< oft©ft ftft ft <5 a (1) Cine MRI t© signal loss ©ftftE 
iffi^Wfcffffi-rs^ftKJi, (2) CineMRIftfeftfglJf^ 
iffi Sit # □ ffi Kt (Anatomic regurgitant orifice area > ARO) 
£ 7 "7-^ t y-t«-r5*ft^*, (3) m%mzw&i- 
ftfttfeo MW ©to (i^tLF'JlLfiiti t ft -5 ft, mfecOE-fttt 
HJlK©i®©fpffi^ftt&5o TIBic^Mfid 
(13), 

a. Phase-contrast CMR 
Phase-contrast CMR 

t5SSt’i5„ JfilSiE©feffift7 littdo'v^cMR 
angiography ©—#ftt*S> 0, h tLottift 

ft t V >5 lfoi& t Hit lilt i ft ®J '16 MBS. ft ^t h § „ Wfc 0 JR 
WiCtz^f — ^^St^tML^It'tilH^^rfL^ftSo Phase- 
contrast CMR t fi 2 © © iSiffe ft t L L N magnitude iSHft L 
phase velocity map jlifft^r© < 5 ( Bl 7 ) 0 magnitude jlifft 
ttpgij 4 fifi © ffig i ©^m (C ffl t >5 aft 

t L ! 9 , phase velocity map MM (i # L° 7 -fe 7U F*1 ® ifrl millffi 

SrSOS-rs*»©iiilllt?*S. M7j©!H*£ffl©5 c 11\ 
L'JWI»l©#Btfflt'ROI 5rL’< ifilW^iatf 

ft 5 ^ fe t $> 5 o 1° 7 -fe 7U © 5r ®^)-ft 5 d ii tfiftM © 

c Htft § fc 

L 4 fc, ROI ©fl^c^fjFl # • 'ik |n]# (c)l®ftSif[LS,5r@: 
Hft 5 c b 5„ CMR ©ifnSit©ItSIlf±ftt(c Vivo t 

% Vitro t % !1 ft - -> a y tfJff ft Lit t> 5 

b. £xffii¥MJj;£ 

<5o ifiSftli through-plane phase contrast CMR ft ft © t 
l¥ffift5ft'ftt'S)5 0 C©^ft(±ftt(Cil^# (ft®)M#t 
SrpiMft 1 ) fta®ft5tul^# • ^[ol#©v^ft ! |i©itoj|E©^|Bi 
icftn^t &ffi»tIE«i-e*.5 - L^g§§tttv^ 0 C©fc 

(ar) *?mmm.%-mtx : (pr) ©^M^ifffi 

tc(tffttft©6>3x5„ -*t\ 

( lElLft -5 ft ft, phase contrast ftftftt^titftEl'yfC 

^fiftfFffiftS ft i (±11 Lit ft ©/c»,fi«#jtJE(MR) 
L — (TR) ©^ml¥fii5(±^feftftftv*tfxftLt?> 

ftt^#v^ 0 tz k ft(±MR ©it^r(±, ft®) 
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AORTA PULMONARY ARTERY 



0 7 CMR J: S^vifllScDiulpI#, ^Ini^tDifaaSffPffio ^Bi® Phase-contrast CMR ©Buffi T'£>5„ H©i¥fiffilc 

iJl'T(± % magnitude Hff< (A) <h phase velocity map Hff< (B) <D~oAH» -y h [z4^>Tl'§„ # 

Bt^ST* ROI BfPlllfaijitm©!/^ 7 (Flow versus Time graph) A ? !+jt£ ii%> (C) 0 ^ ^T'huIrI# ©ifiiSfE (#^EP) ^ 

^lRl#©Jla3iE (H^EP) £0t±^# 

© d i: £ JffiSbMT'fr -z’tzt.O'efoZo 


Diastole Systole 



LVSV = LVEDV-LVESV 
LVSV = 250 mL -100 mL 
LVSV = 150 mL 


M RVol = LVSV - Ao Stroke Volume 
M RVol = 150 mL-80 mL 
M RVol = 70 mL 


0 8 CMRtcJ:S#(S#ifi3lE (MR) ©f¥fffi 0 (LVEDV) fcJRIIjfeJMS* (LVESV) £H 6©fr%T’gfl 

ts. T4't)7) Stroke volume (SV) (± LVEDV-LVESV T'lLIt cF ft 5 0 £ ©H0iJftTft 150 ml 

Phase-contrast ;£ft3f Ptlft €><, Cl ©Slf^JftTi 80 ml U „ ftti|>i#©3i;iJiEMf± 
150 ml fi'b 80 ml ^rtH'T 70 ml <L*:tii£ft5 0 
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^ 4 MRI ©?£<& b Pl^ 

3i^ 

PI# 

fom*nw®Kt6 p\ pi * s it * v > 
(S®t*±*v^MI±©€<) 

l£<fflv^*vc(iv^v>„ HfilfS;ffiffi©li#-C'{4fT^*v> 0 ^yFflK 
7?t±MfT7?# 


^ ^- x y - * - ± i^ffl m^m it a, ❖ « © n# t» b -c i± mn * sms * & 

©7: (ifTX.'it^ 

(s/N) tb i'gSIS»-e©ffiv»ii?R7'-^ 

Biff ©K=Sr±tf 5 ftfeCtoi'!) S±* b * lt*Uf * b *v> 0 

geometric assumption 'tc ffl V' ~f K IEi8 ©±±'14 © h 5 
'Lil^Tl y±fFlffi^t5Jtg 

(fiRtf, -b^*a, «tb SB) 

tMSco^tt-tfiBflfcSrWfigi-S*», ±MfflSi±>b^#JRIfi* b"©±MM 
7?ttB*isSlt.S 0 »P4E<«ffl^litv>SSffi3y). 77i^liFlM 
*fcE^ 5 b 9 4 < 

*" F y - 7 A mm Sr fr (f ±«5 © ±#tg±* tc o © 
V b±S 

as©±«s*», 4 

^n©49< amLx^ummmmmL-db^ 

14403 y h 77, hi^7?(itS|—ft#Piii!Jf[l$E4 ) £>S — 
^©11^® •SrlR^^5 ^ i 4 ( ifn.i?itmbi#5 7 
b^t?# 5 

fu-ffl 3 y )■ y 7 h © through plane fcV'i ±ii?7?(±illlME(C^l b7T^Ifi^:BT 

B*jM^±bV©5 bffliivs>5„ Ifi|#7y 
V-±AX#(4®ift©l' : S:tM*9T-4-7 7 7 t ^±± 0 

S:IeI4 3; &IeL y^SiM^WSiM^ifO-i/ltfi ^ /i!It"C ^ § 

IVffi 3 y b 9 7 h 7?f# b titz ±- 7 ll-L'X 3 — F 7° 7 ?£ 4 <9 

»tg(4hP^*±^***il±fP«± 5 oim&tf&Zo 

lftj;l\ WkvMJi'sx. y bx^mwi^f^) 

m$t t 6 c tick <9 6 fiffl n y h y x h fax* 

(intravoxel) t 16 Z X. ^ t l£ «fc 

fi 1 W # ±—± # 7? (i it iiit © * ± fi± ± S ttg W * ± ^ 5S± ^ ± 

-cv>&v> 0 

j^SKS^l^SK^oMffiK©* 7 t d-7f(lcov^v(±±-7^±4 < , f tz 
S^EffitSoA^AteHiKov^TroT — 7 if) ±5&v^ 0 


(08) 0 itz M 3 

ichzt&t). 

Jfniit©!?®&fT 9 ilfcfi© < 0^411:1^4 (ttuf & 
t^'SiSo 7> b "9 {' (i Velocity encoding (VENC) {± 
aliasing ©fct^&ob*?) ffit^^tU(Cgx/£')~ 5 ±lc:# s S> 5 0 4 
7c, B§I©®rffi{±, (1) f¥(ffib7c©Jl[lf( : £:[lHf;©4 ] ±f7± 
Ki (2) jflWK*fL-Cfiff1-5Wf®-efFffi-r5 - b (3) 
W§s<DT4 y-ty#-%fp&lc&<, c b, 
b^b, cbib (7@#CLTffo V %, H 2 

7c®, nTtBfcE 9 £$|7v<7 7 ±7 7 y KffiIE£±7 ts. 9 © 

A'M4 U>^„ 

d. M$E£$[cDt> 7 hJ~70 

S,Bt*7?{± ?tltSoW; CMRWMlft*#^©®^ 
S©*7 F±7ffit±B)!b/47?t±&© 0 WfflOfflUXli, 
n-OfiilttktftMU CMR 7?fi AR/MR {c&’tRii 
SE$ (RF) 48% #fiSi£SE© * 7 h Hr 7 fit b ltv> 
J3!l©W^K-e{±, MR b ARX%ti?ti¥&b ©Hii 
Sr^WL-CJjt) 

iiSE © ti v h ± 7 ffi t±, MR 7? ti RF>40%, AR 7? f± >33% 
£ )fc f±i£St*tf s 55 mlfeLtt?*ofc„ b^b&^'b, 
t LtfM CMR®r-^^Wc&, fiffiS©*7 F ± 
7 fES(±^m 3-7? IS© btitz >b © b ACC/AHA ©AM K 7 
4 y^v^tfCV^©^'31tt-t:'7feS 0 

5 . 'C'Mmri (DMtitmm 

±S1 MRI (c (i##©fij < o& & <9, 

JSSEOffFffitii Lti'5 (|4). #(c, ISfffiSr 


Kili, *fPS£Mi7±±4o©#£Qffi6Mcffp{ffi±5 c 
6o UUL-C, ±8lMRI tc4 5§Mffp{ffifiiS5© 
im&iisi-c&Q. zvtz&, gBtKfpffiiciib-cv^ t 

m x. 5 tz 5 9 „ 

'PMMRI ©IS#a&4(ct bibtctK E^S§ff©ffix.ii 
A£fTo±Ibf fciifrx.*©;: fctLS ®. It* 

^*a b * 5 EjSSSIco V'-cJHHf 5 © {i4-0©fSI|£ 
®x.V©5^\ Hftft*£fT±€#fco©Mfi±J§lMRI £ 
fr 9tu(c+^-xy 'J--vnfi 9 7 t^Mg7?2)S 0 ±11 
MRI t* I# b it ± If $g © A± ti #|5c © ±Ji Si £ 1g$c © 
segment C^lPJ b “Cf# b ?IX © 5 tz ©, 'L'l^fHlft-VE'SlK] 

lift 3 y h 7X 

Fi££fr 9 ©A'flbtMM bbt&©„ -tlMEIli^y KiF 
4 K xft BlBfSWffill#-?tillb^-? tz <9, 

b''©[n]II;$ 5 4> t), ±^3 —ti b"(ifTb>bt 
•CV'4v% ^©SffijK£&£>S®Mi(ift < , 4 A, #*P 
{fi£5e£b±S(ib'©T-7 &*©«, S^tM ±HMRIJ4 
ifll*rt^E^©l±?rl¥ffi-r 5 7 b \±Xt fcv% 

4. i'MMRllti^'ndt' 

©4 tz -L«x 3 -^S^#iiMffi©®-atR7:'S> 5 ® 

i'X3-^SHfll;£ s ll;@7;'tiA:©Bt, ©2DiIiffit K7°77? 
H£ 5b * 5 m («t(f, K7°7 Xnfm b tz 

t 3 - 7 ?©©as®t, tu6 m tc, ©n 

MRI btt§© 7?$> 5 „ >bll MRI tm &btl 

6 i^SCTH't {i, 11© ® ® © #j0eH © SPi)- 7? 

< MttSo 

±14© AR ± PR MR 4> TR ©H® 

ttflfe©#*® 5 b a* L X& 0 , ^ © fc » 

MRI {i>b^^ —±I¥ffi±5©^BSf^ig&©#JIffi : Sr*± 


15 














dM y b 


• *xXA^llSEKKov>x#tf'<# t*£ S* 

•#*, ftt. frSffiSF &»», lift, JtaH»±Mi®l £ ffi©l»©»*»ei:L'C^S-t?*S. 

• © K 7° 7 ii; (i [=1 B f\3'fiml (native valvular regurgitation) n'l'flffi © sP — ill If) X <fe 5 0 

• tty— b'7°y MW coy— ^7?&So f? 7— ■; 1© 3o©g^^fp®$ Ft 

StlSlcfefsSo SffcfoIX ifniftJK^ venacontracta (lfiStp|5)> i'lllX'il'Bfc^fSSsiliijiL'y jl y h ©7af^I F S„ 

• * 7 - FX7(ifi^-efe5^\ ©^x FX74 3 iIiciSFX7 ! bilaffSil«J(cot^-c©1fSt^x.5fi^/a: ! b©-eS)5„ fNSisX'DIl 
©x# s, at^FXyfgg^^L-cm-tsc t\±wmvnm.&*mm-fz><oKWM'C'hz>c tz&tzbctitbvmmaizti 
-?'FtfiJjS. F Xtf : #j <5 X 6 X h So 

•'L'flii MRI (i j=| Bfbiiiilii (native valvular regurgitation) If HbflUi X <5 © tcHf Ft"t l ■> S <> V > i tF-iFx 3 — Xit—iiftK'FiiX 5 F\ X 
IB©i§£\ ^HiMRI^tLVv* 

• 4^X3 — tftfBilX'ftV'F # 

• 2D BHt F F 7” 7 4 5tt 

• ^WMIF'L'i3--e©^fi)ES(c»SlX'^ibFt5 F # 

•MSKo^MfMfifcillfc-C, H^*^IiMRI^(i^iiy "&r y xX 0LX?f>®'Sf>) iMt©d *-x'Alc 

71X1) Hbfifii t? # 5 fc S ? o 

•gold standard #*<> £ 7fcjiLfT»l left?# $ ft 5 £ F X feitsfiSlESiilFfffiX S 5„ £«Mffi©®Bl±iJ»$KM, 'M 

W$-, ISKMS^ftXS. 


SBt(c#{c®(c5;o 0 S^fflHSjRo^IRffiKov^oStr'ia 
BJIXSo 

D. #j£9fE©®EJtf¥ffi 

igaE^oMiESfcfcfcS c ili^iot-eitSil 
©Pn'M-e&So y tr!) x X"t± 

fiaoMSKtr-H^ftP^er 

£&©S®(iaSt:'&So ifisfifFtfSraiK L-O'SOtt 

gold standard XX © F. F x lb fiPt ® 1111. ff(g/jj[| (c iFf#jiASEffi 
X'M©^jiWttc i 9 Syjft-eft^ft 

fcfvr © s X\ £ ftf> ifaffl&fil^^ ©ftijoHX-fcttitX 

S u t 89 l 9o o ^ij x. ii\ 

{ffi£X 3±§iirfc(±, jFU±©±#(i AR^MR ©X-<X©* 
SES-flt'lii©®X;ib(ini(c3|:X§ o £ £> (c^ 3X£>5KRflF^bX 
£> Ft 5 tLffjtlbX^afiES F ^ 5 ©IS 

PDX&©i±^2, 

5 F 7“ 7 F >L'Si MRI f±, F L 

fvc # fc 0 £ ftfe ©5flXE©^J±:£X' 

|0#ICOt»tt?ibofe o F7°7^'J-7 —(COV>Xt±±3Zli© 

fxo. #^w«(cMx^®4Kjfbffl, £fiift!bffix'©< 
oX&S 0 ^©7tfeff®(±tIilX-^S^\ Ctlbo&ft-otz 

*SWi£3ft43tii-e* 
©< oX©mifXm&©^fcbfffl-T?&So X'liMRIX 
(±^fPffi©m^(±(b'^v^N tOT?*5„ 

L^U KWW^H^XaiK^Hlcf^^FtSo £ftfe©^ 
H (c i 5 fb# SreSEX 5 be «> , MRI 

©^SttffiSfifffctLS^t-eiSo f1xii\ MI&MR© 
j§#(cX©-C(ix (*^©-^X*L/cB#© 

ft) F X:S)M5r)fi®X5ifilFitX ?>be—lUfttHB©M^ 5 fi 

W#MgK*tc4St>lj-C\ £^-lnlffim*FSrlia)M 

^'MWt^i^A^b^tc—$)6 Hitt 

ttiM©^F|^R{c&5f±-ft?<£>5 0 S®J;)4c F^rRlSF 
-C, d tftAW-Z$>Z 0 ia3-0c^> 

~C^ S ?£ b (i, ^mCffiX S F> ftS 

I® 0 , ^mlbfffiFFUSli® S> S J L' J 1 3 —WP1E f) L <( fi 7 7 X 
7 7 r — t±#©l®it£111IW(C^TtX§ c F fF3f fbSo It 


(c*-L'^^(cfb’V^t±, ^fi(±^lxs,s ti'otu 
gllKtc, iitsftt, i'i3--efviFiiMRix-% 
^©fi)ES^»tIEL<lbffi-r57Ffe, bb 

i o t ffiS©iE5ltef±&fl:t- S fe -c* S o 
7'©4 , t?(±jtjlE©M!gS{c:ov»t(±, HJS, 
fiS F v^5 KK7?Wffiir- 5 c F l 
S o rX < t)XXJ {±ij»SfEi*fi F kj F'SSfi-C-# 4© F # Kffl 
v^s„ )SS> cftiifftc^^'^ofbFf^itlfb-e^a^-eS) y, 
'L'ilWF Lt»ft4V'o &M©*ffi®ttJfoffS&Ji©j^# 

tF’<ct:)51Ifl»5. tfc. 

-Cb?< cF^Sg-CXS. gBt6<](c1tS7 it d- LTV^ < If 
-n\ cftfe©S*iiffi?XL©ailES5rbbKXS. F §#j*$ftS 
-<#-C'^S„ t/c. S«^ftSiJ(±Sfcy^XvXc©o JIBt* 
©5JfbE (±M.It ^ ft S -i 1 1? *. S „ 


III. 1iM#ifiSIE (MR) 


a. (ifi#©l@gUFiiitsW« 

^'ILsiffi tz t © ©H#x-$> s „ i 3 -Hft F fit!#© 
»g!j F XftX'ft©#^© 3o® scallop ©M#(±lffH(cME 
^ftrv^S^o *Si0^(c(i, p^A2Ffi: 

^P2©4 ] 5 , FpP5f : SrllSt:-t So X 

3SPSr^#:«MctifF-e# Sfcfe, )SS©fiS©IEg(cfrfflX:- 
$>So So Xti 

Slbffi Gl^(ig#)1^3 — t?fgtHXS^\ iili3-l±i' 

(i)lFfePlFP3, M^A2^ 
ffltH^ftSo ®-^'U©affifft©ffltH(c(±, gll)gi3 — 4>g 
ft®i n — t>X'ft % 3D 3. n — ^sjigj Lt So 3Di3-f 
(±fitI#©lS$ifj:#)atr, • £^©F"f> 

C F^T?t So ftfcilg&jixn-Srffl^S F»gO^ 
S, (09) 3oiU2,93 0 

b. mmmm ■■ 

(MR) ©«Stt, 

h S < —o 0f?T 3" y — 6) ft So (S 5) 
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Normal Fibroelastic Barlow’s 

Deficiency Disease 



09 3 *7cx n-jSHfc (fifl#. IE^iH# (£) (cJJl'T. iiu^0 scallop £(£^0 scallop £,4 LTV3> 0 

fibroelastic deficiency "£'7 Uf 7U& P2frfi LTf'5 (Sis LTI''S#cqSt!) < Mx.'5)o 2eI£ Barlow 1sT\ (tfB^fO# 


—^14 MR -ei±, 

&3 0fC*tfU 7^ttMR-C-l±, SS^IO^fJy 
7"0fgH, So »9> 

xJ4 ASP^©—^14 MR Ji;£S)KIi0—§P £#*.£> tfC 
0 3 o M# 

ft E53U A ?> e t t±fiHt? § 0 Carpentier ;4H (C (B c> X N 
ffiffl#0t!)#;a s IE®A£"9 Aft4UBTA3 £ t % t?S> 5 ^ 

(0 10 ) o Type I i±ji«#©S)^ HIESt?* 5 4\ #$§|£A 
-e^^^R-rv^ 4© (--A14MR) 4#A^?U 5 &S & 
0 , Type II f±#W#^®i!|KS6V'-0'S 4®^ 
t?«fc < Type III t±#A 

0»#^fiJR$^-Cv>5%0^ SSfSlS^trj; <iliSASlfc 
^KA (-A14MR) *!> 7^A14fgfl#^i8, Sllfl 
ft ScMI&PiS, iggiJtt 

ifeffiiKii-eS* tfis. a 6-e-A14 t —jfetto^atcov> 

-eft 0ft o 

i. -&MNa#3!m (mr) 

—^14 MR 0 * % # v»M H ii:f£»l4 £ i s # 

Se (MVP) -C&3„ MVP (±ip§l£i4K;a;ft1f oft^M-e& 0, 
ft IK 0 H ^ tc ft 3 4 ftl V 4 It 3 o Fibroelastic deficiency fi 
3P©;ft|jt0—gP0Hgt Icf5 i f)0't?f)5o —A Barlow 

t 0 f A14 © JJEJP t ic ft 5 0 V' f> 5 (0 

9) 0 MtVC, MRiillXffiASlAMIJftA #£tfsgfcg 

Sr f ftAHHclB # § 0 col) ftffi#ij e? (i MR a*® 
IS»l£f*fc4lBf ©SAtf-ftfift < , MR^gA©Hf0A0 
ft7 — F'7°7-efpfffi43 t iiAfPfffi L X li)c £;5 2 f>3 

(011 ) s. 

MVP otilfL'i 3 -0(C ft Ht 9 „ rn J»#Ktt(#re\ 
fi1i#0#^^fiW#ll^fe^4 < H2 mmfiMrtlC^ 
mwsts, MVPti«ft3„ (fl)#{i4'7Fffflft 
f§£-{±, (SAME'S. 3 & 0 0^AgPftWi^ffifflf4tg-ef) 
5o MVP O^SfSr^^SPHJgft^—JEft-cff 5 ©fiiffittS 
-<#t?S)3 0 etb(>0ftV'(±f§ipI#lt{i-4 7°ft© 

V\ #li^fgv^H(c*:o-CLtV\ #^\£MI*|fCigftii 
At?© 3 ft p (cJlx, H>P§140#®rft It Lf o frb-Qh 
5^o 

7W^() MVP ©H;#;©—gp-eS> 9, Ai^AAgp-efi 
4 <S^Mrt(c^t>iitf e t ft© A 3-0—#0HH{±# 


5 — :A14Aft !/“^14^W#^0fiSc0 


&jk, 7M;k #rs, #r*i 
R* 



EPcfF. J1E* 



ij 14^(F. PMJfiLtfil, 

HSII14 

AA14 

^'7->x - F (f II 
4 (^.^©?Lli®ic47-c© 
R^4(4#) 

ccAttfi*#®?! otm 

©9^7'y yf") 

JtiM'14 SSiM^B 


ASIfA 



©$^(C-C> © "t © 3 UtiS (marginal chord) 0®TSt:'f)3o 7 
U'4;H±fiS0MR^SL, A#*#l i Mi* A 3 2^„ ft 
tl#0 7©d^0gft3 &0#¥L®®5®rSt'&3 o (40—'A 
14 MR g)fHia5 KgStfS. 


7. —%'H MR 

-Jfctt MR e? ift #A o 0 JE A 4(f ftti 

fe51)00, S^(c(±#^i±jE^-ef.3 0 £g!)e7!)y 
5t, —o x % L < (±1Si5C0(iipI#^^'t^gp^[fi] 
lc?| o^tbft© L-t?Lsfffi0(iil0AA4'AB 

§iomo7 o ccolgHt L-c, 3 0 # 

^(i'L'AnPA In] (c^5l (tethering) e tl 5 t: 0^ S)j # (±®| 
PS4tt3 (If (cfi;^0#^{c|ac 9 -V40) o #I©rf!) 
y 7"i±#MI^KJtc ft 3 £ £ & L {£ L {£t?& 3 o t < tc)#[fn.'[4 
0i§^lc(i, H£»il'ffi1$thb^-C^M»(cfth4-rv^ * 
0J1£\ P34'Plf 9 4 f 0 4'ASP(c¥?l 4tt3 col 
9 ft 4 - x V' (iiMsif:# □ (± rt (iijfi; A (P3) -eg A ic ft o 4 
-r < , ^ai'Jftff^t ft A 'y x7 I « 20 ic 3 :H 
f>3 0 ect'x y H±0ftf*Mrt-eXMA3 ( 0 12 . 13). 
(40lffW(JftJC3-F/fj|t R-c, fIA(cf&]49 4i 7 F ft 
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flf 



ft 6 -fttt. 


-fttt * 


—<^14 * 



£ttWfc£S»«6*:£: 

ftH 

Eft®, iifftt 
mt 


tEiilifiltt'ftffi-EiE, ft# ftltuitffili!, 
#*£«* 

isjtfy yy 

IfttiSS MR 

TH 


tMUtr)) 7 ft 

'Stt mr 

<F" 1? <S 

as, say^f) 7p7" 

#$t 


ISK^, BTWttfiT 

&ft, ¥s®, nnsttfs^ 

• HE# 

•SMB 

•5Rlt 

as&y 

k ft ft i> ft 5 

*L 

4L/8K 

4 L/SK 
ft L 

ft k/es 

ft* y 7 ft 

41 



i|XffiJSf©^3l 

41 

mm 

^m^mm 

a@«5MJ0i 

IE# 

mimm k k ©sgs & fimmmmmmm 

mm 

ft Sit ftft 7 h © 
ft [Rl 


m 

as+att 

tiy— F 7° y 

JK»f*W (SMB ©»£•), ®4X» 

fin (7W;V, SMlkilfT^tt) 

^®»an 

JKffiWH, JK»«)8)(c3iK, 4X»+ 
mm v7°7 & 

PISA 

¥S*J* 

fttklkft ti & ft 

"Clift© : SkgttCft HI 


*Primary and secondary MR may coexist. 


o tc , Basal chordae li L Ui strut chordae Off 5 V 
y tc <£ c> ~C tu f/f tt iSl & -o tz ff\ it, (seagull (^' i © ) 
sign,hockey stick d 7 ^) sign k <£ if tl 5) 

CM MVP k^lDlft^J; 5 ic&mZW-f&o 
f-f'y y ?<DM&*few;{kir < -ofribZ> a 

—IKWft *b (tenting 

area) ft if PI ft 5 k t H V ft "Cft 5 0 Tenting area ©ifiPJIfi 

< 45t-5t?fT^ 0 fl&Offr&k 

It, S ctiS © ft] e coaptation height (coaptation depth) 

b ®t t?0gftM* 


ntifflft li t k i- ft o "t ftp 6 ft k> 0 Coaptation height (i tfl lfn. 
14MR©fiESkffiHft3 kWt>ft-t©3„ ftlfiftift 3D i 
3-K is fLgS$5^ ft fill# It ©EE St ©ill® ft tenting 
volume ftfittl#ftift ft© volume) ©SUS^ s 7"iP D 

y ft y£ /Emfii'ft' 5 © 1C )j§ L ft © <5 k $ ftft © <5 0 Tenting 
area -V tenting height k ft ft 14 MR © JISEfS! (C f±—fS6(j (C 
k ^ftft©^, #*©*# 0, # 

!1 yftfCjIjSftS ctiSiD, M’LUk 
ft©ft$m:E58ki:i£ft*:©„ fl'ItfrttojfcMc J; 0, f|i|f 
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011 (A) MR liji&ftfcl'o (26 ml/m 2 ) 0 (B) JRfll&ffl 

tz(4 s (C) MR © CWD 7° P 7 7-OH4 MR TmfsiFKIicPf £ b T 

H-fe©^EP(±A'ib^S otl'S. F 0 VTI £3jF LTl'5„ (D) 

fiHi#P©3iEAJla3iE©/'f^^ F47»®tt±, E/e’ lE^A'O E jg 75cmLtt'5. EROA (#Sbffi3iE# 
□ ®») ti, 3®*f¥ffibTb4 9 : EROA = 2m 2 * Va/PkV reg = 2x 3.14x l 2 x 29.9/527= 0.36 cm 2 0 jgSfcWlStt PISA & 
3l'li^«&£ffll'Tg:£b4j£3iE»T-fr-5^#T-£>3o RVol by PISA = EROA * VTI reg = 0.36x 76= 27 mL 


fit®*i4(itg14MR ©31 Sleets iS^o b^b4 b > 

4 9 mmtEmtiA** $ 4 b4&# 
4 fc\ ffpy 7" i± 4 < © * ffil 4 —MR 

P5ct fiftt* 5 

5. tM’a’tftMPiB 

BfW, -^14 k 4*8Ht- MR b5d 

fRif, ftffiKp^S©i£ifil'l4 , fe b < t±^Jtlfir|4© 

k -^'14 MR *#■o 7 u 4 ^©31 

'14 MR ©iS^bbffiSStc 4 <9 ©if ]) y 4" Sc 4 5 MR ifjg 
£31 7bb^ic(ib/bb"©MR 

3£14^—)£'I4 Sc^-gt:# 5tf\ £ b 

4 #Ji1- S ^ t -t? * S. Jtifn. tc 4 5 H3SS) ©FITt *® 4 & 
^©■bh&®iKB#®§- cv^5 m, *tii&mt>m *.•t 
z k &%>%>„ £ © 4 o — xtf±, 

bt©5©tS±& <HteKJ&3£SLt4> P, 

4R 

C. (MR) ©ttmJtfiJE 

1. MU MR 

t,14MR (4®'|4 MR bitKb®©t4ft4#if®t&.5;as, 
3IS, Mf*Wi©S^£S<o fiSHt b-Cf±^tt^@5S*K: 


# 5 9immmm, -ortK^tc 4 suswrssc# 5 #^)i» 
#®y®75 2 #<, itix*l±$>%>&&$]& (M ■ itzoliM'L'ffl] 
m, 'blM, ©&&5®'(>J§CHb4 9 5 S„ it 

#(±£Mi±±#(c iSBfcWa, «9R, -t'ftKifiTfciSlS 
©jfnEEfiTfcMI-So FSjfnEEb£M3±±#^#-r§ cif 
b, fitl#£313ij|-4531SfEJfll5ii3SS(4M4' 

-457t©, *7- F'7°74 7-'7'y7'^ifitI#31^v 7 .x y 
F©*#43lJEfi«£3*t4v\, 4 4il'14 MR © vRy F 
Jfniftfi^b < Ftfi-f 5 *7- F"7°7fc45 

MR ©ftE®^ t ttifi/Mf® t45 nffiEtt# * 5 o * © 4 
©4 7- K7 , 7t?*l 4 MR bbn y F 
b btR «jffib/cFi*#^^?LsIffiWfS©®tUf : «)4l? 
flu £# 7 b AHlrtte&tetiJ Srftflt 

t5i) 4£^©®JR*S0fM^fe^ttMR ©H«+^fc 
ff 7 c. i tf-es 5 o 4 4JRffi^W#M®^0fn.^£tii(-f 5 £ 
ktf&m SC(4Wfflt4>5 0 4 bicfijlE©.t,'l4MR 
3l7r.n--e©ffpfffl^#Jl-45^^^4)5 C©-fe4'>a 

y©4b©t bt, F"7°7^ic4 5Fitl^F3l7it©fi!lE)Sl¥ffi 
(i, IStt MR t i431ffl t # 5 il'14 MR tiiffl 5 -< # 

t(44v^ 0 

2 . mm&m<omtmm 

3©4l^ □ ffi« it ^JRifSaB (- tm $ ti 5 && frl£ M t> b -f, 
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012 (A) K?SM'L'IS!Elc-a-^Lyc**4'-^ttMRcO-0ijT\ (iftWxifJ V*' (£EP) ^L'tl'So (B) £ 

K7°7#T'l±, #&£©^ftfc:K£tc^fca»3feS:iBi&S. (C) PW&li E$0±g 

Mi^to (D) fI4'MRm mmteF 7° 7 : ,fcB It = MB%tkTo (EtF) -L^3iti:2 6t (£iSSP«0 b'b<D 
PISA T(±s S*ofcJ&©iRl.'&*Jlll3lE (^BRT'4'^) £*t3fcgg VC tftli?£ft3 0 
VC i; MR SrilSWMFPffi-tS. 


—Oft + »cai^WtB4ffil8-e*5. 

(EROA) f±Sftlft;fciS!SE#nffi8U f±Mfc <9jX*M(c^v>-r x 
iJ*SE#□ iioftt?©fit t?* 0, ftW4Jlli 

-£h So #«#iS»SKf±*ll»Kf±^JR*lSS0ttK:a»S tLS 
f8«#jajKt?li L tf L ti'iRffi^ £ t±i®f« s * 0 *xf\ 


EROA#«g?3*i.5. 
-©154 fc £ C 5 MR ffifij t? I± EROA ^i£«E 

■>’i y h MR t mU&^h 5 ifisfi 

m (RVols) lli!>4V'„ C04©,J]X«lt»3MR-t:'{±^C)liXE, 

9 ojfMfct^fc: i § AK, E 
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013 (A) P2 scalallop 

(B) -^URnmnt 2*|p]©$?iy h (£EP) (C) Jt®14'L,'S5S*grFS©gSftS»£^-f P3 

£ P2 scalallop (c^^ni^RJ^O MR (D) dEiflltt/&ffiffiil^(=S«>fc35EaS3&'^5EaStA'ltTO«Rtt MR '7'x y h 


L T f± RVols ©ifrri 5 EROA it> *1*1/0'5 0 — 73 , — 

MR t?t±fi(f- vU HXttWc- 
flao^Si EROA 0, HXffi+MfcfgTUIX 

ftg&% ^ WI45fe«»5 K \fx -ffl g © t" - 7 Sr H » S o 

l7'D y?0g{fit?l4, HX*¥-»!Ci?v^-co^-®l4©^ 

*g*S c tfr$>6o :©i3 fcggfijtc iotMRMP 

^©^csxm ? vytnwttz^ 

ffi(cov^-C(±?i®gl< WLS-fZ&Wft&Zo EROA tc i 5 
ft«#®rL©*SSfl^MR Ci’V't© 

7? #, JMXifStt MR lX5 / l'©SEf? l l K XI L 7T {±, volumetric ii 

icazmmmt c© 0 

b. mfmmmticj: z§m 

^i«#itaE®ssi±> jfo.fr*#fcME©f&#* 

#E<^itS ul o H I4 tc^©ffij£^-f 0 jfn.ffS)8l(i,g^il 
3H 3 —t?©g(#T*'^t?4 < , 

THiHut® • f£tf^©f£T4>E4]X$i*©»fyc it), MR © 

©fiitfj© MR icMWx$> t), 

% ©t?* 5 n^o - 
^14 MR 7?ti, fajfcM'&Z (PftkvMfftbM Mtffl-4 5 JbPI 
■as&fc't 5 i MR OUEHM-M t mt-t 5 Xc ©, JfiLftSb 

WMXjSSk t), IflME*® 

i'lttAifi jgmmmmmx- 

zctff-mto-zjbz o ssuxifi^, att>L«s^xcc 


%|5|fit©JIfl£ti©5 cii) s fjig# 
if^iSJRSSW fc 12 C 5 Xc ©, * 

HitJi (c [o] Xe -o "Cn£ < 'y x y h 5 u&i2o o 

3. ^ y y X 7 2r -X s tH 4 

ft«#iS»aE©SSl±^SEM-f , '<- '> x 7"fc i 
tt 5 i^i„ 5/ y ^t±«igttfi«#^5fl©^ t H# 

L JS, (CRT) 

* ©Sb^iiEB^tfrefcs & 

mmwntmm^m^^^m-r s m©^f 

S, «MK#V'MR{±JSH1-5o Ml7'oy7iaSPR 
P^B©Mft^#XcLXcS#7?(±, 7 T S y^"©-fttXc^iR 
Hie i 4 t), «|4r Xj;@S©Kyi» 

JiUii <9'>y ?" 
< ll^-r 5ci(±MR Wim^Jcmgxh 5 0 
*rat*, +sf#4-, 
n/nsu, (PE®?, 

D. K'y7°r-;Slci5 MRIfffi 

K y X7-ft?:ffli>X MRMffiKffFfffitc{±v^ < o^©73 
^ 5 S>5o • ^icov^-cii 

Ml hctttbZo 

1. t) 7- F7°7)£ 

by- FX77D-V7 t°y^"ii, MR©x^ p -xy^" 
r x •C*S>S ( 0 15) o X?y—K7°7® 
(C i 5 MR ©a®SI¥)ffi(c HitSK^x y b ffi*, SSSfESP, 
®V^^ifil^© 3o©^^^^ § o ®g->*xy hffiyiti, 
MR ©ffffiKf$ffl7X 5 ©73 Set?* 5 - *1#® 

-CTili:#© 2o©^Si PIESfl4(c^(t5„ 
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aR*ffii! 36 tt£S 1=5 * 5 K* 



El 14 MR (z&tt^Sftft'x '7 hSJtroMStto m%k<D'&'£i<D'mmm**L U *!*£¥ 30%, ft LT lateral fjtcnfc## 
IfZlMi ffl-/i7 h££L4£jta1£MR©2£0iJ©iIitt-?*5 o ±®Wffif'J(±ifilEA ? 'fg<*MEA ? ±#LT4ofJ MRftxy h 
£ in (4.1 m/sec)<> 3 105/76 mmHg X $>o /c„ PISA fttc 4 5 EROA If 0.3 cm 2 X$> l J RVol If 42 

mLX&Zo TJS©SWflRl#l© MR ft'x '7 Vtz-hK iSlfilJft (178/94 mmHg) (Dtzisb MR ft'x -7 hSJSlf 6.4 m/sec X&Z> 0 
EROA If 0.08 cm 2 TS. U , RVol If 17 mL X*&2> 0 ft v - K -7 7°v-ft(f|W]t#© MR ft'x -7 h XhZ> P & ft'ft';bbf\ ±|£© 
SWf‘H.IJS MR Xtb U , TS«g0iJ(±@JS MR X& ft 0 


a. i^ifft'x v h M W 

WAV'x- '7 tffiUtfMR Sr&fl.'fSOlcftiUftnStf, 
£M®*fc£*5 MR©9J#li*ffigfN«ifc Lfttftt^ft 
tf4©*028 0 jfojEEtfSffi < % £MJ±^±#ft5il14©®EMR 
It# If, /3 7-7 'x7(B»VJnJVn^ gSlMROiSlfo. 
E,lft'li'7'x 7 < 45 n m&ifibZo tit. 

ft XI -7 1 (Bit©## £ ft MR ©JtJcHtc >6 #c#-t"5 „ 

JKfc iSMR-CIi, Ltf Ltf®414©ftx '7 1 t4!l7>'xy 
1 ^{C^o-CJE^ *5 Jifvt'ft-Srft 9 MR ©*SeK 
-JfettME Pin*ft It, Wtc-jgBfffi 
frettEROA^/jN^v>*-a-e*o-c4, fi«#©ihir7t 
yic^o-cxy 7 Mftten£<)MLft'x 7 h#*# < JDL 5 
C £ ft ft -S o L&^ot MR fiSEiSiff {05 it , Vena contracta 

J ^lSVNg i ^.if|lg{tTM/tgJ ®/)7—7'x';H 

fs fz It ft fP {05 ft <5 ^ § ft (t 4 © 0 Li) >U Vena contracta 
(VC) ft$K< (<0.3 cm), nK©&A^ftm4wft£4^ 
ifttt-7'xy Ht, MR t (M Do iK, 

£©VC (>0.7 cm) ^ttS*§/r>'x7Hi, -7'xyt 
ft'LA©J!{)£&A)AA, (J 

t ft £"±§#ft'fi-#MR ftft 5» 

5 i ) If erft 5 i&Uft'ft I 9 j; -ft 0 

ft. Vena contracta (MAW OgtgjW 
Vena contracta it'frSftijliSiifpP ©RSfftft 5 — 0 MR ©i§ 
tq\ Vena contract width (VCW) ft, fSI<l#:BI$[ii{|Rft© A— 
Aft- K£S©-cg{f> U <9 )igfE#Pft £> ft5 

V xi y h ©JR&K©|[Pttft$IJ/i!ft Si&ilft'ft 5 ( El l ) e 
VC<0.3 cm it gS£ MR, > 0.7 cm it M .££ MR £ A ft 2 -^o 
c© ft Profit it# MR /u- Y'&Ml Eft 5 ©ft, 5SI Eotz 


VCW it,#{@#14 ft'x y 

h is t #{@# i- 7 X y h ft|^&ie{£ft X # 5 ft, its© V 7 X 7 

1 ft&5*§£\ $>5 wt—&14MRft4 < MfcttS i)4 
fiin® (#n^) ©m#pffM©±§#, m#p©ffMic 
ft# L MR S-#S£1S/ftf| z {ffift 5 o 
3D 'L' xt 3 — El ft © f§ j|| (C i (), Vena contracta area 
(VCA) ©fiSSU^^VTIel^4 o tz 0 3> Iff'7 — y>4r 
ffifflLt, MR 7'x 7 1 ©SttSrM5lS^C®fffi (xffijb’iu 7 
yffi) L X z (i Vena contracta ®wkb R 

in CSA tcftLSltic&s 4 9llgi5-r 5 (El 16 ) „ VCA hi. 
f) 7 ~ K 7° 7 i ^ — XL T >^X 7° 7 — ^ h y S lc J: -o "CSIJ^ 
ft 5 0 tftliC'ftx 7 h ©1##, •?■ Aft'#©ftx y \ 5r)l5 4 5 

\c4 J—'Jv ft'ffiSrHS^ft55„ ftx 7 1 aT© 
—SP-eti&iNdHofffiH (BfVNfe) ©gP 5 )-?r#t 4 vn j; 9 tc 
L, ft *6 iBi)S©BP^)"/£ft5rIf?fJft 5 Jt 9 ?iS5rft 
5 h 5 o tc Silt? S> 5 i§#, 

P##)l»Rcft’VN-cftM ft S 7 ^ §i|#, ft 7 — K 

7°7ff-f-#ftx 7 1 3 t gfft X 0 At < 4 5 -?As— \ y ft 
$J:S:©i§-n\ 5 — o 3D JZ a 

MR ©if#, P L if L If tin tc 4 5 C £ % fc $ 

Vn5( EI 16 ) 30 - 33 ’ 61 ’ 62 ’ 130 - 133 o )E#©W#t?(i 3D VCA> 0.4 cm 2 
5 rfi)EMR £ CVVnS 3o o tftU 3DVCAtTfttftA© 
HjI 5rffFffiLft:5ff#(i, t /cfr&ttft ©&©<, 

c. lOkl'&frM'A (PISA) . 

MR ffflffi (c i? It 5 PISA ft If, fi#14 ft x 7 He M L ft S 
in 5 £ 0 ft*ii?jf L ftx 7 h \cMLXM\,'Zj3&]Emx$> *). 

ttzimf&vm k#pj; y %n^©/fi^#p©73#iEssft' 

^>So ^PJ3*©Sf DIL74 y£«7£ft5©lta#fffiW£ 
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Jfi'feifiSKJRS 


• ^^©al^-^iilft <5 
tz&b 

% WinL<0$hK'ht>-& 
& 

• B'iic -Sr B y fc "t" i) 

• Nyquist © baseline 

■5: 7 17 i TriB^SE 
M'f' 4> 

• WSrffiBfejfitB-t 
5 fc i6 ft Nyquist 

£{fi< (a 

#fi 30-40cm/s) 

• io 7 — JxIeSP B b 
VC Jt'©£ft 
SIJ-T5 



Bt£ 

»fa#, SIMK 

ifli-en 


•M'>'x -7 b 
•S4tt->'x 7 b 
• t t£ b ft V' 

<E> 


Vena contracts IB 


'V x7 i IBS i> L ■( 
(i 7 x?i 

Jf®H 


• ISTiftc 

VC tfMtiiiS 

ttl>Br® 

•SifiK 
VC, MR 7 x 7 b 

Br® 

• j£7;ftc 

• M. &T:# v>7x 7 b 
fflflttffcBffifltCjt 
t®—Bff-ef+aiJ 





• a»pL#ps©f-tffl 

• a i® iM iiit -V driving 
pressure fc ff $ 

•iSfttt^'xy Me 4 
iS/SBtg 


• ffiffc V x 7 b 'C f ± Rfi 
S(e&5 

•MR#£JR8g$t*& 

v >*§-£• (iiiiTcfFfffit 

•fiffiv-’x 7 K S 
Ic&fcSBx 7 b t? 

f±BIE5ti&5 e t 
iiXV'6 

• nmmm mic&m. 

wmm tmm 

*ffi(cfSi?-t5 

•MR^JRffiSS-C* 

*5 


3D * 7 — K 7° 7 : 3D 
vena contracts ®K 


• jK !1 x — AU- 1 i 
7 A Vt v 'y T 4 i 
3 Z> tztbKii 
7—®®^ x% 5 ti 

• MR is X 7 b ©tttc 

j&ot^oyfy 7" 
S^lfifTtC-n^-drS 
•VC©lfi«B§|3 (Ba 
t'fe) ft 

fia-^£ffflj -f S 



•73® ©M/j; 

-7 X 7 h t? MB' 
ft 

• PiSA^-cW^aat 
#■ n ®f( ^ iM/Jvi^F^iffi 
It L £ o £ o ftil 
^SfgttMR 7- % 
fFffiBfg 


• * 7 - K 7° 7 © 7" 
7V- J 7 7" 

L) K&mZtli 

•MRB^JRH^-e* 
V71-g-(±®7;fpfi7; 
<£ 5 

•»'>'x 7 b 77± 

#7ft*3Bfffite?ffi 

fiS'J 

teflWrLilin'f ■Sift 

lcB£) 5 

•iKf-C&B LffL 
li"7 7 7 4 
£'S-C*S>5 


(tm <) 
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_EtE— 1 >, /|t£Jx. 'U'/75V|'W3j/J \ IHTP 

— 2ft> bvi) ?p~Oi>Rt’fri?> 

mmm 



• 20 J^±oi#ic 
&V SiRtt^ifiLsfL© 
S Se MR 
tflBf-C# 5„ 

IrSil-C3? <9, ^ 
filEMR fc |IJ»T t? 
f S 


•gS—^^S© MR 
t* % ii E> tt MR © 
mL/F 

LOv>£ 9 

5 © liliME ic 
! NfMW‘C*{4*V' 0 £> 

■S L -cl^ttMR 
-f S) 


JlicfS F'7°7 
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IS 7 ($% ? ) 





^ # y t / ( 

ftMfb 

0ij 


t°7 F7t-^ 

tfifi K 7° 7 : 

w«jasaE#pffl«. as 






jfn.ofLiK3fi?£ (PISA 
ft) 



R*g Flow : 2ru* * Vi 
EROA = Hog PowiPKV^ 


;P o ft p; f|» £ RI 
5) 

• ->'i 7 I CDfifa (cff 
fo-toii y — Y 7° y <D 
^ — yy 4 y i~YIf 
6 

• Nyquist < nx)E 



• m^mma (eroa) 

t§il@ (RVol) 
•SrIiiiiSCA£fifi(] in iff 
fffi-ef 5 

•— (£14, — '-kiiMM 
© MR © 7' ffe {' SJ 


• W&'y x- y I ©Hfl 
(±H-?IiKit^IES|-e* 
©FTf 6„ 
•§(#' 1 ? F 
BK®#n<Dt§'n-li 
IBftticftOS 
•PISA^g©/p£ & 
fHMMJit? i If® I® 

1.0cm JP_h, .4cm 
JPT 


Sltmft K y° y lc X 6 
y filffitf 
SJ t t iS(£'|s| If # 4 
i y ffX PISA 
*b Sl^ft <5 


tnp;f&8>i> W±/R 

m aiat 



—016 til lift 



RVol = SVmv - SVlvo 


• £EafEtfJS&&i4JRfi 
^[c#ft»-etfaiJL, 
|s|g|5fiSr^g|5ft-e 
s<>vy Y'y°y&& 
©VfPiffiftS 

• fiM#fliiiK£fi4JS) 
ic =f fl| l. ©/©x f 
7° y i4ft1fSBf] infrtw 

ft <5 

•4i!!!~[H]ftttllii4, 

L < fi^ftHSdSl 
t £^JRfSftfl 
??1i©l£tc fy>xM 
5tft5 ci#tf 5„ 

• £ISiti 3D ft© 
tHM/P^X I ft ft 3 0 
'Dl*l)3i©^?r ft 0 
JESS tc jS ISIft <5 ft ft 
tc (4, a v F 7 X F 

i 3 — 5 

: i^l)5o 3D ft 
in-^nrte** 
£44, ftftXPftft 
ffl ©ft 2D ftx. ^ — 
mmm-fZo 




•IgmWftfttiftftft x 
IVfif'tt'7'x 7 F 
©*§£• 

•#! ^ © fi ^ s 

(EROA, RF) tW 

mnffi (rvoD <dm 

7j£fFfiEft# 5 

ftKMRi -e&iE£ 

tv -cv»5 


• AR fffffij C (4frffl 
ft (4 ft ft 

• «-tfai«©/j'S4K 
HtfMS. ❖£•£> Jo-c 

fti^a j £i;sftft, 

ftffftfl^lit^ftic 

• /VuxFVyS (fit 
W#—HffltiJS) ft 

lift S 5 


#POjE5l*teilSr^JBr1-S c. ft J4ft Lft c ft 5 0 
mjjzEojil, EROA©®£H(c4?v^-r^@©^^\ %<o%. 
=.ma tiz ft ft, PISA ©tfaij ft ^OgjEflSIi^nrfc-C?* 5o 
10-25% ©§^ (4, F P1ft'£ ft Lff'L 

tfUftfefP, 7 F ©ll-n-fiiyi^lt&iP&V^ 


•C, PISA & (4fik © ^ n - / K 7° 7 F/fM 

t?$)5 0 i s#no/f -P 

S y P *4 PISA ft fc i 5 ff-SB&H (co * iS 5 
S o —^14 MR OMSK# P tiff RIP i ^ 5 o ^oi)4 
#P5rIEnifMSL.t:ltaiJ1-5 2D PISA ft (4-^14 
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MR fcjfi/hiwtswaited**, — A14MRtc 

2D PISA Strife 7fe EROA A/R2 W(7?<fco-C4® 

a - t tsits-ooia-eis afcm o £/- 

PISA © EROA fi, VCW ^ VC A © i ? fc Jfi— 7 1/-AO 
HifiiAfc4<© fctta c t !)4t 0 L A 

AotA cttfc©©7/-7fiMR A^: (R) lKffiS0T*& 
©Il^icMR©aSS5r®^fl z ffi^5 (MIl)o H®tA Hi 
£14-Vx -7 b tc^tfa CWD tr-Ao^Ufftr 7 -I / v b 
(±, SK©i®/M4fffi£?£0? EROA ©®AI¥«tc-7*Aa„ 
ffii&fF^Xb/c PISAOTT'o-^^BEStL-O'S 
5 m/sec © MR -V x 7 b (IlXiffiSfl (c # 0 5 - £M^i±K 

MlOOmmHg) ttSi, A 7 -FV 7 T I X7VI ^ 
40 cm/sec © Va fc -7 7 be? -tA f/f D ifi Lft® r AM/eEA 5 
:tiaO,'>y 7 Vp& EROA ©ItigfBA# 5,(EROA 

= r 2 /2) o C©ffil«{|2{±ffijg*jfaffit?{±^AL4V'^ A# 
fX©iS#7;-(i C tbT'jfiifKT*§ 5 4—6 m/sec © 7'x 7 b AW 
-f6o —ISlftfC—A14MR (cl3©-C,EROA>0.4cm 2 tifi^ 

O. 20-0.39 cm 2 <0.20 cm 2 (±gStcfflS A 5 „ 

P. MMMF7°7 

\%tkj F'©ii#-e(A £3: - ^MP^oilXtfifmXMAA# 
© A &\lt A MR ilS t± 4-6 m/sec T* * 5 „ jtK g ® ti, 
volmetric ?S fc J; 5 MR ISXlE /SI 6'I' fHTi © lii&H A 7 > A\ MR © 
Jfafr#lli^©i^#£&a±T?#fflft#AA 9 -e&a o ®A 
MRifigA/M© (4m/secgS) i§®(A JMTlf!)tllft*ft 
ft (fSJfeff/£Mffi±#) Sr^igl-So »*MRJIK(cfjn 

Xt, ii®7°n 7 7 4 A'©fjif|IAiU ; A©^Sk®ffl-C<fc 
5 0 Early peak f4 o H A MR iUfS;© 'J x 7 bScJbifA ffclTr 

BE©±#«> L< {±*W*iS»3fE£ESr^-f ( H 12 ) „ iliKSFA 

9 , sms© k 

7°7ff-f-(iW®^ MR 3rft*L, if© K 7°7ft-§-(±4!If 
MR-e&anJtgttAi®©„ tfdS^&F'7°7(±> MR ©fiffi 

s t mm m n ©ragra* mn-v * a mmumrn ee * * s 

1-aRHcffiffl3*i,a. 

5. /'7/A* f"77 

©/P7 FA^ftAfSfflLT, (LVOT) &£V 

fififtP^-e- Mttttifi (SV) SrffHU liStfi (RVol) 
A i tfi£SE¥ (RF) AffifJ A 5 (04 ; mi) 

20 ’ 46 ’ 139 ’ 140 o RVol (is £SS1*Afc@:tttLA;£^—Effitiil: 
b F7 7°7-i£tc ia LVOT P © 7b- t? ©-[h] I® ft M £ it iR 

a a ctt'itnisa#-ci a„ 2 D^^n- 0 (±*^ 

#ft£iIAWfffiAaf®|gA&a7 l c*A 3D i>x a — 0fc 4 5 
£^»Aiif l <, fc 

(£ 3 y b 77 b xa-^^©a^tA&a ^2 0 
fitfll#Atc:ib’fta©VPX F7° 7 © bb-x(L —HKWtcfi 
^Kssai^fpfffi-raxcfetcfjffl^xba^x mr (ca©-c 
4®ffl-c&a„ fiSMRfEfijt?t±, i£3i^{cfi(f#^aii 
AaifiiS^iiintc l o (E m A± 

#Aa (e mmm> i.2 m/sec-?$>6)o e$&{&< a m s 

m^mr 

14 f± m\- ZhZo fi tl#SE AiliiSE tc A A 5 9fej|£ © a* t±, 
50®FX±© Er © a tt«J-clg© b 

iiz m o fifl^AJfiL^^-vti—(£14MR (c*?v^-ct± 

e as©« fitt^ mr tc i a 4 i a >6 

©A^rflBfl-a c L ttSlLv^/c©, — AttMR ©ffFfffitci? 
t/c E&ogiSiSfiffi, 

S-VfiW#H5Mfli (MAC) ©«®,gS©fifl#«^t:-^ o 

'C'Mmz&vs, 


4. mmmm 

®P^M©-''OWX F'7°7 f±, MR ©«T»SI-©^#^Wfffi 
i- a fc »Xj:FjfM. t 4 a „ MR 5 fc l|X«»Li 

S^fSTL, SSeMR (cL’V^T(il]Xli»Rfn.?)iE©jfiSE^i£La„ 
MR 7'x 7 b ttStRWKJ3iU#MtAa ©t?, Wtcg^L'i 
3-ft*-C'(iiSIX©W#M?rffFffiAa ci«»n5„ W 
#MJfii5iE^^ - y©Pl#(±, 

aS«J-es 'mH&T-f Ubt*ib5ffl ©irl? 

#MJfn.?)ft© S M MRIH -Att MR fc O a W 
Ig^LL-c, flk©^? 

fcffiDjflWJ t l -cfAffl a a § -q h a „ i a 
U W#JJRlfliaE©SS[Ojt*sJ±, a^MR lc!RrMWt?S)5o 
MR mm'ikM CiML-OA if® (C. HX*®W ic © Aft# 
MJi^©^KFim^E«> act^j>a„ mr Ax 7 b g#:© 
E©JBUfiWj£MS0£«r EJ3U A a c L 9, 

H (TEE) t bbK LgDM'O ^ => — 
0 (TTE) t?t± L 9 a o 

e. tLm.&&Tf-£.mnm<DWffi 

W*4—ifcttMRt?f±, £^(cSMtf^^^Aa„ titt 
©ii®^ J,at <t ®'£^KA A % A 

?>t ! o ft(cAttA l^f^!)7:'(±, ^n^ib 

4XAl¥fffiAa^(c, ®©a§ s A^itAa^^^'^a a 

-A. -)J:ttMRt?li£ftAi MRlfiS©H«ll, MR 

a c l 9?l$i-e^a„ v^A'Xb 
©»®% L < iig^W*^®A©^S14AflWf 

A a Afetc fK a b-C^^®©£S© 9 ©—7 !)^r!) 77” 
AfpffiAaxcfe(c>f)*sib4 XL«ig©)«77 Atf-aij-r a c 
i ^MS'CS) a — „ JHt-e(±2DL^3-0L 9 f)SS^gl 
± LX © a 3D L'7- 3 -0XA£^§«©ffFfffit- Xb-C 

pa Global longitudinal strain (GLS) ©sfifl(iA3I 
IltH¥ (LVEF) bj:L"(ct±JiFb/j;t\ MR (c*GtaMH©'G 
ffilt»©l¥fffi(c®ffl-t:'S,a i^ 0 SgEAtSfefiiMR 
A®M.AaFjfM.7:'$)a„ 

£Ji-!M —®(c*)$©'i:ttMR {±^ 

7f-$Xba„ tEWS-Wit EM® 4:9%, 'OMIBSK-i a£MI£ 
A©!¥fffi J P®®©®?fJ(cL©^*®Xcfg®t:'S.a LA 
L, < ©SSI-e®- 9 

n a ©t:\ L f> Use MR AA a b (ill 

fc Av^ 0 

f. mmnnmtv'&m 

mmn .= - 0 1±, -aia mr t itititt mr ©im 

•raffi^SrW fcAtc L, Mfi)®t®tgAI¥fffifta cHAi 
a^o Mfiltc ioTLVEFAIESf-±SAnL&©i§®, —A 
14 MR -Lii«®A^«tg©SfLA®SiJ $ H a 
HM©ASA iliijtF© PISAiStc j; a EROA 7 - 

F7°7141551A SiilKfcSi®Aif < , fbpgbfii^A^-7- 
(c4aiSS) c F©i¥fffiAgii-e^a„ iSfiji'© EROAiMJn (> 
13 mm 2 ) (±, — AttMR 

L RBift act Aft $ ®v © a tA MSl'PoWS/M 
ff©±# (> 60 mmHg) (i, ^Se{!^ 14©fiSE—A1A MR (c 
a I©36J46J47 o ^t?{± MR ©fiffi® 

ffFfffiV 1 . a:©r^Att-A^(clb’V^-c^t)ii^i:'Jb3-0(i^ 

G. MR W7*-XAfcJ:U?*lEjSlffffilciJlta^ft)I'L,'X 
3-0©f£|iJ 

TTE AFfl,Af# fc ti A 
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Mild Central 


Severe Central 


Severe Eccentric 



0 15 MR turn MR <DD 7 - K7°7P/fjlo -y h <Dm? !lT*«\ 

vx -y i±^# < s wk<Dn&m^iz&mzwTZo 


3D Quantitation in Primary and Secondary MR 


Primary 


Secondary 


jk j4* 

~r.t Air 

Vena Contracta 

* 1 /* 


i ^ 

EROA - 32 mm 2 


Vena Contracta 

** L# 

J *0 

* 

EROA = 50 mm 2 


016 2mw <d 3d vca mm vca pisa £ 

*-rs-^ttMR (±®) mmm vca ti^it\k<D pisa^^-ts-^mr (ts). 


it & *§£\ TEE ti MR MffigffFffi © JSJS i * S 0 Hlc 
TEE fdy MR ©7 *-X A U % L < t± 

HiSfK 'i y 7 —' 7 '> a y & tf-©^:^ (cJS L ”C i? 

5, {ttl##!^©fiH£#^Sft®^lS©^ ME^fS 
i¥ffi-rsMa!©*?i©*^tt, tee 4>k tffiffl-rs c t 


3, fjtc, •v;H L 7V-y4 3 3D4t"©TEEft|ftffi 
©i®$ ^ji«#-©3eei4(c i fj, VC 7 7 -'7'y 7"4> 
PISA&#^i& tJIEflltcffffi-t?# S 0 £f>{c, -r^-C© 
W#M©fFffi^ J —*3. tte i. t> 

So L/^UTEE -C*(iV' < o^©SSc^'^t:*S)So 7'x-y 
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MPRF, 

f&#*£ttSA». IWlCi-My F ft TTE t it& t A TEE 
A'A# < JIM 3 £ t fth 3» 2 tt3 0 A\ ifaHi 

te?ilM& Ki AMA& *9. jfnEE#* L < 1ST L Ai§£\ 

A^ttMR t±®/M4®A3 £ t&hZo K 7° 

7iiA^ l/y '>’y ifXh !K TEE 
tfjMR ''°7 7 -*A& 3 o a^LVOT ictoitS^A-X K 7 ° 
7 i±, ftm$?‘ 140 A X> 4-»til*oifi/hfflffi ico A 5 „ 

H. MR MGC&'ttSi&K MRI V>'@M\ 

TJiMRI (CMR) t±, MR O ffPfiiii tc £? 0 A 0 < O^Ol 
£*jpJj£tf s *S 0 -tiictiMR 0^ *-XA|lI^ MRfi 
il0fifL A«lltfyyA 

3 o 

I. /LOT cdSJj^XA 

tx3-0iH«ic, cmr 

f«:^t5ctl;J: 0, MR 0 /AxXAlcit3f#$fi£ 
f#5ct#-C'§5® #£©jS3£g*&]ifc, 7U^;i'0# 
S(i CMR t Cio A |i|5£A 3 ( H 17 ) 

-Mtt MR fc # V> A, CMR iifoffi & i. Vfimffii vmiEZM 

x.-c, ct^-es 

5 (0J7) I5ki52 0 


2 /LOT <d£m;£ 

MR it CMR fc «£ 3 0 < C t 

# s A*#3o eAricfi, £Ilctij-57fyf4 7i-7''/7" 
tcgoA^A MR i7^ - 7 F 0^f4lK$> 5 I'liUfifiiSI 

® ®tt->4Hfit:-0 vc a mizttz f±»ga^«iitaE 

#Pffi* 0 «£sus t? J: IF'RVol A JtARF ©4M4 tf 
^tES®^o iE&OgfOft’-e, RVol A’ iO^RFO 
^M^ft^AS (H 8 A J: EF'm 17)o RVols 0 ft U (c A 0 
A fSH £ Ft § M7feli|Sf4 f±. 


• S$&'>AlIHIl£ffl0Aft'/|IJ L A£i[—phase- 
contrast image 4J4J 0 A ffif| L A ASlM— Mltlll lli© A 

• AS * £ tM?S '> 4 Bft 0 M 1*1 JlftfP tc 4 5 AS * i If 
:AS—0ffitttll0M 

• phase-contrast image tc <£ SfttipI^AlfilSL^EifHjA 5 

—HttlBit h ASM— 0|fiUim0M 


RF (±, i ®0 2O0A&-CRVO1 £AS-0ttOifiA|£ 
tsat% 37®0Mt L-cfiwjKAjfliSK^feJiaj-rs 
SV xU&iJA 5 £ <t tc i o aIF iSA 5:i #-e § 5 0 

5. ££#<£ 

CMRAiA AS§«o ASIEmsfA AMt§*£:K ! kIBi 
A-cH-littiSi < fNffiA3#;d 2 AM. ^:A0jII3!fii£ BSA A 
M F5E#0|£¥fit(c;iEM0 Affffiffi A 3 £ t /5 2 A § 

£ 151 . 159 

4. cmr tfmifct&zfr ? 

CMR 0 A AillG t A fox a - 0 ic 4 5 fpjffij, 
5 ±§£\ f tz ti MR fiSS t t 0 N ic $> 5 

1^0MRSgri*-ei.5 o CMR fi. 54f4W^A0iiiE 
ic SW 6 A 5 MR 0 * ii - X 17t‘!)fi icHA 

siiinlffg^ffs - t is-et, s ic^EA 4 x\ rvoE 

RF 5 0 


I . /L'ld-Elt CMR<Dl#ffl 

MR 0 fp{ffiiCi?t^-C CMR 0{®fflHS(±it AX t X A U . 
a^i±'C,'^3-|I|0f| ; (cSgff$ttS 0 ciii)0270^^"!) 
A /f Pb^O MRMffig^'—i^-TS C Cfib 

<Dltmffl3tl±X+fr-C*& t). ASP^iiMR 0 ^ttWtfcii 

^m 0 ^ic A v ^-c g A 0 A 47 L X V ^ S ^39J6(M62 o 

c«±^/!irt iciSitSEff®i»c|^*-f 5^4r*HH 
^HA-L-Xt^S ^fiffffl0HJ114i±-MLX 

cmeo^Sk mr ©MffiffiolS'Jlt; 

ii C'Xel < N 2D PISA ic i S RVol i±, CMR 

JtD^A^t^ci^rTKL-cv^S^io EftJfi0W^7?fi. 
^'Vu-x K 7° 7 ic i 5 Volumetric AitiMAs'l'flUi A 5 C t4 { , 
03-h MRI XA0A RVol Ait/'RFi 0 ^ic A#®0 
mmmbihtzC t^JiraA^o MRO^SW4 
(4Sfgx^r-/u) 0^A-@[i±®#0 50%(cAfc 
H, lSPgo^MSrfFSAS t. -®;Kii 90%iclM 

AP L fz m 0 MRMKfNffi07F-@:0Aa^t;A RVol^/jN 
$ <x7-0®|iJ; ^AAAv^AttMR XA^ttAo 
CMR i± i <9 #^e A !9 A 4 ic i±?Si4lKix 

7-h®JI®^S) *9, b ic?i*AS c 

h h S o CltfeOt^DAlflOMR ffFfffi ic 3^g| 

E. 10-20%©lEflJt?ii®J*04icFASFTtgtt^ 
h i9 ^ AtAf^icii TEE % E < i±ft« 

ic 4 S $ b A S FA So 


MR 0fi^SfFffii±, A^X0AiSic@#0$iJR^'S) OS 
it S A », Ki5C0^'° 7 7 - ^ «riK^K> icfftffiA S 
#&So tA. MR 0 |fetl*hifllfTS)«J?rKSiJAS c: t 
SA'S)So f'JAii\ #,ttMR0iSr^ >t>fl0MRtAo 
< MR £$ltii:0 # AAM®0lrli9 -o ifn.^ 
JfoffiteT«r3ISj££Ac: £tf*So 4ASSicfittofi^ 
MRffi^j0-tPi±, ftfi®teicj; DAM^SALMR^S 
it± 0 S c i^-ef 5 AJ6itSHi-C*$>5o iH> 7 9?xXA 
ffi/S ic * S A <t A'JlLfTS/1^ 5 A % < M * !9 . MR 0 

x3-/FtAA7-tA5 h SA». - 
Att MR t A^1± MR * ESIJ L X Mi 'A Set iSfiHt? tb 
So LAL^HicHt?EA\ 4J4A0tt-7xy K iE^A 
VCW<0.3 cm, ii/AMt0 

liW^Aifil^' 0 ^ - 0C|>S1^ MR mi&Xh <9 is b 
AS^mffFfiffiii^^AiiAv^o ate, At4M'>'x7 
&A VCW>0.7cm, 

S ct^ISJEStASA 
—AttMR 0ffFfffiicfJtl! $ J: If 

^8 ic4 t fe, CflbX>MX 7j;0 7t — 
^ ^|EAaAAMRfi^®f| z {ffi0A00ltKT^3"]j XA 

A m 18 ic^Ao C07t-AAilfflASicibA ! 9 . AM K 

XAtUJA t Set A5SDS L /A'®A ^S tcjb^-rA^Ajji 
HIS 47 LEV'S, iJ$K)Ammi±x MRfi^S0Epaici±fS 
AttE#®A'0A?fJHA<t LA0Wili±A ce 4 A 1 B 1 
< At0MRfiSlSI4ffi07°n-fexi±, F'7°7'DJ73— ®i c> 
A# b ivtz^rPJf^m.m, A 4 AaiJ^ffi^llA^rAA 
SMcff AS)S ti '7 e t A AM K 7 4 

©tl-CASo MRtfSdttfeomJlfcfflV'AeSSAtt**, 

hlTA'^S i**icfl^$ A-Alf^ MASftSiJi±^^A$. 
S„ ffflicfitA S ®mI¥ffiA MR ^'6®«±tA5 et# 
7K 1 ® $ fl %>$§'£>' ®mi¥fii5icfia bfzfhW. L Al^^ - icioA 
§Mt?^5rSii4AS RVol A i ARF, 
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Primary 

MR 



017 iSJSlcflfi L ft tuft # © MR Mi 7 h 9 (*£EP) £ 

&a&5. Volumetric Sic <£ Sf+iJJX'lf. *^i£3: 235 mU JCU££&#tt : 75 mU LAA'o XSl! SV If 160 mL 
X&oAo ARiKSV If 94 mLT'So7c. L/cAoX. RVol If 66 mL X* U. RF If 66/16047c If 41%X&o7co —<K MR 
©«1^«#£lf'L'4iSWftlCx1f y V^£g8«>5 (jfcfcEP). £l! SV If 77 mL X& U .RVol If 32 mL X RF If 42%X£>-? 
7co (LGE) Xlf. &g|cffi£©gS©^£j&'jS<*ft7b. ^©ffiWfXIfJt MR X-£>3. 


X 5 EROA £#tr MR ©£fig¥ffi''" 7 t - * SrtHIJ LflWf 
t5i:i:^lJLt\ iMt©)gfi{lMf£ ?>tc. ii^£4ofc 
^ItSa^XX, ffllf*KMR©f(Hli*ftS5 (0 
18Mi;MS8) ©X. $t-£-7 7°n-x©£'514A<&3„ gft 
L, ftHC®''"7/ — ^X b~ S^XSfnlliAf#6)ttStH-pf-. $1 
{=£% o-CMROSSSt^tS - £#»X*S. ft 
y J — & iccp—g££glASd-a-. X©^—E 
? SJ&1C& 

yfx >3 y Sr^JlEg&IEfilA© t A y 

r-f ©i®v^'° 7 /-^^fiMX§„ MRofi^sx av/t. 

Tclft A-X'AATTE ©AXIf^fll^|ftJ|§-a-l±. 2 Elcg 
3 -1 ft If CMR K J; 5 M4 S XtfcS#<&iSX* 5 „ 
-Xtti? f tf—MR ©SffiKffFfffilc & © tflt^ t 

[i? y r 

±|I® 9b (XAE4 y i 9). IpAfScf] 

-Z. —<%H MR CDffim 

2D X 3D ffift tc f y I# E fx A. {MAI# ©IMIS § (flail 
leaflet). ?LsI®5WtS. *®©#^ii*XB**g?L t ©o 

AF/fUlf. fi®©MR £^ntX5#®WAFlTJi,X&5o IF] 
ilc, iKfif X If $11 t fl AffiSit n|)te (Vena contracta width 
(VCW)) A 0.7 cm Jlt±0f&iMx BlWRJRiBSSBifiaEoBfM 
&®ffi£fci®S5F>TJiX2>S„ —AX. MR ©n^x&Alfllfllt 
&IFISX# AioFliHx ftH#ifll»iti$fiiSl^7i 5 AS®fiX'S) 
SSMlIiSliifi'C'll^it' c £ H?>pjfM~C'$> 

5o SWWtclESS^tt-aiJ-VfetH^SiEtXl^tcf). ^JC3- 

£ EX. lEffi** 

ffiKWWWcASo mfiEEAf 9 ic. MRO^Wi: 

lfSISXAioHltg'|4Ai®© 0 MR ©iflffX^Witp^fi. TnS 
3S^&F'7"7 (CWD) 

E'®fSM AlIHlcflfll^iSlf 5 0 JlfJFlc. MR ©S 

fc&zmm-f a irk if. x 


2. MR (DMim 

xxttx-XttMR i y % i yftE © 0 w 

®*B»ifc1-Sfi|4*iS*lc|8LXJi. Section II Kflff&L, 
ft o fStitEEXIf. -^ttMR©«^t±*S©Sff^l®tttH 
fi E X i? y. —X14E ILK L X$?jftl: AX A t>!§•£• A 

#© (10ffitiJ*A«XEX©§iI^lCff*gXM 60 ml It 

T©#£-A$>3) 0 —Stt®*!^. iil^Ttifffl^fKlcMXS 

3 A. i®M:£®PE L c E ^ 

tt-X©5 4sa62 0 L(f Ltt-VftRtt t ft 

y VCW fcf m-f 5 t t f) K. 2D PISA Sic J; 5 EROA 5r 
®/M¥fffiX5Wtt^j> 5o tA. EROAI±£SSXA^ 
JRffitJ tad BW % ^ X So JIS li. 2D PISA S ic i § 
EROA >0.4 cm 2 t ft o X Cttfc 

©il^fltS t EROA> 0.3 cm^fiSEXSA^^S 
X$>5X% LMV'o c© J; 9 ^fiSSffFffi©SIL$ IciPx. 
X. MR liiffii ?: ff 115 t < . Mfeg. 

ffpffiic*■ if s fs«/j:Fifmtt h t y ##ic * e> * v ^ 0 ^x. 

if. >L'®^©#< ®S#lf. *MJ±^'±#EXf?y. W#M 
SKAHttSKSSt^WfO^^S. *MI±^±#E. KtSt 
17) lc*SiR«A^fgTEAttSIXI±. fiSMRXXSrU# 
Mffi^tlfll^tSif—ffe©^ISS*i L 
Xlf. -^14l±®?fL»^»lL^Xv^E^lfEft5 (0 
15). x^14©*ffiffil¥«X'%f«». jfn.ffX 

^©ffiESSFlfM. : Sr#ItLX|t^-^lcfl|lfX5 c t^lgx 

$>5o 

XXttMR L/c# < ©W^X. EROA>0.2 

cm 2 It C fc ^ ^ $ tt X © 

£136037064, X-ftlcMX5 r-* ©AX 2D PISA SxlfSiJ L 
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ROA, Regurgitant orifice area. 

Bolded qualitative and semiquantitative signs are considered specific for their MR grade. 

* All parameters have limitations, and an integrated approach must be used that weighs the strength of each echocardiographic 
measurement. All signs and measures should be interpreted in an individualized manner that accounts for body size, sex, and all 
other patient characteristics. 

f This pertains mostly to patients with primary MR. 

* LV and LA can be within the “normal” range for patients with acute severe MR or with chronic severe MR who have small body 
size, particularly women, or with small LV size preceding the occurrence of MR. 

§ With Nyquist limit 50-70 cm/sec. 

11 Small flow convergence is usually <0.3 cm, and large is $ 1 cm at a Nyquist limit of 30-40 cm/sec. 

For average between apical two- and four-chamber views. 

* Influenced by many other factors (LV diastolic function, atrial fibrillation, LA pressure). 

Most valid in patients >50 years old and is influenced by other causes of elevated LA pressure. 

f discrepancies among EROA, RF, and RVol may arise in the setting of low or high flow states. 

* * Quantitative parameters can help subclassify the moderate regurgitation group. 
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''VV'X K 7°7 (i|n|p|5 

{£t«S^fcffitB2 

ti5 

£SJ£3Wfi^SJ:J& 
$fiR]$li©j5l;^ feK 
tBt# 5 

fc ^ § m © ?II li 
3D $ S ;HI & L V> 0 
'L'FBR© H/-XO 
/cfeay F7XHr 
otfS„ 3D#I*L 
lf*Uf 2D -cai3£-f 
5 



S * W t\ Jt Hfe 

-y x y h 

'J x '7 I' 7-' ij Hf fllli "f 
fb 

*r 3&a»«t#pffl« 

(EROA), ®s$ 
(RF),i£»KM (RVol) 
fcov>t©1ffg : H# 
bt L 5 

tiiisitit 

£r V ■> 

t^fiE'f' 5 


fiti#?its©f+iij^ 

#C50cfcLtV'5 

B$®)M©fFfffi^ s *if 

tl ff, MR t AR © 

£%v* 
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ail x=i-icJ;31S14AR©®St¥!l5i: 



AR fi^Jt 



®js 


®js 

fitTS^^T 7 7 ~7 


IE#, (UlilS 

IE#, Hdilf 

ft# /flail, t L < 14J£;R4'}££ 
7f± 


IE#* 

IE#, i L < 


^146); F 7° 7 

fcSM5 -7'x. y III, 

x 7 F 


x 7 F ; tii-ttt 

ii y —ifUdK 



^17 F Ic & 4 £> 

i? 7—ifili/ft 

ft U U< (i$tt 

(C/J'$l' 



i&?>fL©2i$, antis f 7° 7 

t L < ti;M 
l' 

Si© 

m v' 

v 5 ' jl y h jjllftS: h 7° y (BE 

^F5r^, i L < tiM 

4^K, 500-200 

$®i\ <200 

^MByfsJ , msec) * 

V>, >500 



Tfr^cWMc^it 5S£3R^ilSiE, 
y>x K 7° 7 

mi\ 


mmu-kmwm^A 


IISMLpP (Vena contracta) (cm) 

<0.3 

0.3- 0.6 

>0.6 

tt-Fxy I (%) 

<25 

25-45 46-64 

>65 

-y'i y 

W, tp'L'tt-y'i y I (%) 

<5 

5-20 21-59 

>60 

—7 § 

^iStm (Rvol) (mL/beat) 

<30 

30-44 45-59 

>60 

®}>fL¥ (RF) (%) 

<30 

30-39 40-49 

>50 

(EROA) (cm 2 ) 

<0.10 

0.10-0.19 0.20-0.29 

>0.30 


PHT. Pressure half-time! PW, pulsed wave Doppler. 

#*© * 7 -F'/ 7 l±, M##r <0 ML IMMilC 50-70 

cm/sec 'Ci'UJlyE'f' 6 „ 

,JEW;£mmffi-C°$>Z £ i«TOtib5„ ,t,ttAR t?(± ,£a®;S*Jfc*:-r SRtrHW^tffc < , 

A 4© 0 

* £E^MB^Pe§ (PHT) (i^E^KSS^SfjfE^iHi i 4 5 E feilfiTP-5 <> 'ft'M;© AR "C^E^^K^cL'Cf'tfjL'Ct'S 
§ 7< -ft li, AR 5 


fE^MBffWI >500 msec 7? $> fttfUiS AR, <200 msec X:'&tl 
(ffiSAR Sr^-fS. L2»Lft#k, 
7^f7yx(ciiJ^S/;fe, 

AECI#-eti, t^*S 0 

jzmm#mm<Dj±faMZKVkL-c$si(). car 
MESMSTS-tfS) JfiLWJ£®!£ £ i o -c 
^S^H^FiSo D/c^oT, otv^sil 

#©^e-4 y i£©lm o 

D. MAil'L'Xa-tD&flJ 

illi-ia-li, &©&*-*? ®*, AR 

©#ft#WT^*&ffi#WTt l «' l a „ x 

3 —(±, AR ©KH, *7 — 

K'7°7 5rfflv^cIIg©fHfJKfflv^tl5o 2D, 3D g^31>D 
i3-«im AR ®MH t * SJSM GSJfett • 
rtnife 1 ^, MVkJzmmm 

g|i88j89) o#ifllS?r|Bl±$-yr?» c fciSBEWS^-CV'S. 
2D, 3D 3 — (c X 5 AR ©UCHjiW fi, JzWlMM 


il^-T§ c t (i, *r-r A'tfrtiEtgllH’T'M x@g©K© 
fFHlcfcfiil-e** isj» 0 

E. AR mE(=£l**i&JK MRI < 4 ®|iJ 

AR ffFffi fc # § 4>JH MRI ©±*®fJ tiWT© 4o7?& 

•5 : AR ©iMH^fsl^'^'l), fi^y^&T'' 

y y ^"©fpffi, ycii)M^^©l¥ffio 

i. St)-XA 

±MM# SS#{± SSFP 

'y-^-yxiiift^ffifflLTlTti^S ( H23 ) „ liftffiti, ® 

Ftfe t 5 Ffr4K$iilHi£ii''4 < t i> 3o©S?©7. 7 4 x 
(4-5 mm) OfpyJc L, AfAM/f-i? <£ tfAIMft8nl^©tR$lx(Hxf 

Kit, 9c^t£^mmmn (2^#ii*), 

J$JgJt# (£6*4 E"), *«M*^±lT*»M©ft#4E'- 
(|g|23 )o 

^HMRI Kttiiatf s i&iS4l®IH*S. MfrlKtctt, S 
7? 7? 01#(i 1.5 mm), 7 7 4 X/P# 4-5 
mrn-e&O, sKy a-AS&^SrJfE/ctnliUtiSiSo $0ic. 
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Qprox ” Qdistal 

A 1 V,=A 2 V 2 

(2TTr 2 ) x Va = EROA x PkV AR 


021 ®a'a*jia3Ki'«fc^pisA{i, ar (eroa) fcjtm-r-sfctonffi mr^ 0 

flit -t** 

hfflS»«:S»U (#£EP)„ iSSaffi*t± 2 n x r 2 x V A , ia s 

tt5iRl.'&*Jfil3lE©¥& [#£EPl V A nas =®t 1 J®L&£ [cm/sec]) -tfJtHi-fS. (EROA) = i£3ft$/ffi 

AR)lJS (cm/sec). RVol (± EROA X ar (VTI) T*JHHT*#S. EROA>0.3 

cm 2 N RVol > 60 mL T'SSeT'^-So 


'>% MRI 5 /h£ &nl 

«rl4£CM® i 5 - t tiffl 

mt?S>S„ 'L'SiMRI f±# < ®^r-X-e AR 


2 . AM MRI (ZJ: 5 AR (DZmWffi 

>0ilMRI ic i 5 AR t±v> < -ofrtDftmtfh 

!K < iliSt^SSK^P'6ii5 (-b ^a y II, IR 
im£r#P^)o 

phase-contrast i£fc <£ §jlSJS'v '7 y ^?rff 9 # < £>gf 
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0 22 (A) SB*. fRi'a*Jfli3Ki'<tO t venacoritraclataSo (B) 

Ol'«0±© RSJ: Uitulcflgt) (C) severeAR ,*t&lc4sltSTft 
h*/7o (D) 14 severeAR K7°7 D n— 7° £!£#>, 

JlffttJtaSit t ^5ftS© b ft 5. 


SiJ#t±*«iM*fP(^KiM#©It±) T?©ffl-a9«:$?tr ““*(0 

7, 024) . 

t° 7 -fe /v © 3*S! 4? 4 Vflftlc © fit TMifi (e 4 o "C in £> ft S 6 ’ 200 o 
e e t? f§ 0 ft/c Ir 14 it, (RF) 

**ioo%) oiaiK^ffl-c-ts, e©jtg}£(4|t>fcf&iE£ 

ftT4?9, £#t-Si£aE^©j^#£S(t&V'fc*\ (St/0 

fc*©*S£"OAR su«k2()t203 o 

ESf§"C£> S e t/$ 2 £> S (#icK®|^3i&^t©fP1iiii) 0 :)L/; 
ttiST-ca. mivmmm -'ar fi-gswffi ic^m -e* s□ 

7JM©$?ifL§f4, ^fi/M 

*14 JiS^0WftKliIfiM F31 < £ t T?fmj"C*# s„ 

JSU ©fal-feSc t F "C (4, ftSE t SSEOttHjJt 77-^ b y Sc 
t?iJtBFtfc®tT4S7jft^&5^^^, 

Sfel8£;S s S^-c** 5 B&fc \±W8fe&% 5 o 
Volumetric ft(ci S ^MfPlini (C/fjp x.^ V' < -ofr(DP)fM,& 

MB ar ©*#(t t& sfMii t f t:£n ft-t © s» $f 

ifiMP (ARO) (till^-fS SSFP '>*Sr®fflL-C*SlM# 

©lEffifi^l# set -etHiJ-e § s o fESg+SH (c is it s g/j\© 

}£3S$S£3ft P £ b P - X -r 5 o ARO > 0.48 cm 2 1c 4? It S fi 
B AR ©f£ttti®S(4 83%, #ffi®(4 97% t Jbltl'5 ft, 
@14?it 50LJ£3g#B9»aE©i? 
£f4, $5K 100%, fJMK 93% t?*K ar Sr^ail-t? # S t 

■f S*^*S as. 

5. Zm'J^T'J >7' 

£*y tf y 7 7''{4, lift*® AROfgllt FT^F, iS» 


JSEfi^So#SK>4}iWt * 9 5 So ftBlMRI (4;£^ig* 
^%IEF®(CStay-e# So ett(4Tf)I£©y 7 b7xTt4'I 
SSP fr b ‘L '&pP It® Sfi SSFP '> 4' Hft 5r 3X1# L/OrtM 
5r b P — 7. ftSet'Wfie'VtbS 0 FAW 

^t?(4, £^§*>246 ml (f+SH^lc 4SffiIE{4F-t©& 
V') zft 2.6ftft©fti!jMf( 1 fi 

SMSo^SttST^aj-rs iS§LtV'5 ft 

4. Xg&Mffig 

ft#jM#3®©#i£f4, AR©HCHt£9, AR©Mf£* 

tz-tebbh So itift 3KtItMRA&ffi£ffl©-CSff|lcfF 
ffi^ftSo 

5. i * 'J'L'M MRI fi'iBUCs tfe&fr? 

AR ©ipffi(c(4>Fx.n — $ s it—iSfRi?&Shift, /L'JKMRI 
#7§/St *S©(4JMT©#-^-t?S>S : (1) /O^n-lSft^ 
Tp^ot# ; (2) KH/L'J 1 = ! -0FFMt b"7°7Ffl.(-^@ 
(09 = t K 7° 7 ItSiJ (e 4 S AR 

mvmm f %^ s); (3) t^xn-ias *im 

tHi^fiffiSfbffi^ffiF-cv^s ?22 ; (4) l < (4 

fiS AR ©iS#7:\ £mws • 

*JlE®i¥«(e®Ltciiift/5 s b#fett*v^™; (5) *S)M2^# 
©M#, ^'Vt'-y-7W<p • S2T junction • ±ft±#)M ( )<S)lWi 
t % 4cm±) cDj&M&'bx.a—X'lEM 
?5:t> 209 ’ 210 o Sf^lc, ^Hz 7-> 3 y "ClzE 
-<AA;iMtb^?it©^»fFffi(4, ^ ©ffi ic^ft-f S 
t (4®* L V 4? 9 , L X- 3 -ffF® ©ftfl 
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0 23 /l'Kmri ■ 2 ^# (ax ±mm<nmm (bx (cx 

mm (d) 


X'fllMRI (c iSWf^I^^So - 

*UCOV>-Cf±, 

'L'ffli MRI fc £ 5 *S&M#i£SEfi^S:& i tftEM Jtf!) 
y7''©ffPfi5f±, — <£ *9 %^ ©X®. {®7©sS 

fOl^fW4 7tt!-T'y7'lclLtV'5Ja < , ££>ic, ^ 
SjM 2£#^*S&M#i£«E*£# U ±ff 
5 &#t? f±, *S&M#i£SfEfiffiS i *SiM@ © ffflffi #fr x. 5 
X'fllMRI (±®%@L-C©5 0 

Silica ^UJ^IIJ] 

F. AR©Ifffi«)fci 6 «)^W 4 'T 7 0 P-^ 

K 7 °7 3 - tc i 5 AR ©fpffiFX c ©fpffi-effiffl 2 ti 

tz&-'<7J-Jncm&tmWtf&ztcib (Mwt liX ^ 

O^tX'hZ, £-C©Se#|T\ XcffiiM#X 
£tfLV©*;l $ X7-F"7°7fciSitSfE'^iy F 

©ffFffi* 0 KS -c** 5 o LV SEtfJftilS:*? £ V 

wi.rnxmm • ja^iMoifnMKtx '<** K7°7 k 
JCoTfEfi^XS^f X&So AR© CWD %f/cS0#fBil 
$ X5-<# t?* 5 5t££{§-W# b XXF§£-fC ©XfOT 

-Qhz>o 

if A K 7 A y*M^(±, Mr-^ tm M^©0»K#7i' 
V 'X , X#)K#i£»ii©©X©©74f-A£jgS"t5 


( 0 25 ) o d©^ + -A*Mfflt-5»C*/co-C{±, dftfe© 
t F"'X 7°7— i'13- 7cfulfil© 

£*£■£>■£ =H£fflX”CX AR ^^I-r5Sfg^7°n-fext?$) 
5cii5$I^t-ei5 0 AR^dftkOfJSol^S: 
ffifflLXigg£Xtt*®X&5 i*SCffl»T2XXi§^ W 
fcggo^fctt, XXJX±«£tF ££«&©„ ggtfc 
fill®© AR b—3k'?Z>-'*yt-*mzk l <Dt>-?fr~Qh X 
±Sr-7 ©If ^JtlftfcS/g-T5 

§m^?^©FHFSt Ft 
X ARMffiKoffigfc L-cWSbiffiM# 
P5r#©-C AR©gS*£fil$KS!l5£'rs - L© 0 

MRi|i]|ttfx itSEo^Sfctt^feKx m^4gpgic^* 
7" w — K 3filESE AR b MfMf~ 6 ( 025) 
X*X / d - f fti 4 5„ 

F#tX MX 5 ' N ° 7 7 — 7 X (jCxt'f’yx^tt ?>±irn\ 
AR ©fiSES^^JI^Wffi'XS c t # 5 t?# 5 0 © < ofr<D'< 
7 7-7^jff5Fi^i±, ditfe©^-@r«:Ui^t?# 

flSft*<£ tf £JS&<f3t&5 t?±m^< If U «l®!9®-^7- 
7«rfct>, SfciEffi* 

-r-7Kr&o-ciawi-S c t„ 

4\ <Sfct?l4V'f)|t5xa-/ F"7°7r-7^Jgf*$Ft 

TEE t. it (±'L'®i MRI © 

©■^XlXXFt ) ci Xli® 5 0 
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0 24 'L'M MRI (± % *®)M#<Dji± (ff&c D&m CD® 

tiTMfcztiTi'Zo z.tu ±, (b) co ojEfi^^^k-rstt 

ffiffl#<D s ;4RiMli<D$itf|5lc J; 4i/c 2fIcDSlHg< ; &£j5£T?> B iJitfC <D^fe|ill?) 0 /L'ftlM^KD 

#KPg£i}tt5i&ST f -* fcSfllx-* tcD«^(cJ:oTj;im0tWfl^7!)^J5)c$ti5 (D)„ GEafE) gflttt 70 mL T?* U ^ 
RF (i 70mL/138mL £/cl± 51%T‘&3 0 



0 25 ^RjM#i£;jitcDMfiEScDiti^(D/'°7 / - £ CD^-^T^a" u X'A C &KcDn>x =l -fflli^Sf^fcJ: 

S^jl'L,'^=i-S/c(i/L.'liMRI cDUffi^iftWcDC t 0 

iHcDKSJSli, xa-mMo^-Sc, */cliESi*mMcD^-^cD/ci6^5i^lc45®fg14 

tf£>3 0 PHT : J±^«0 #Pb1 o 
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4r — tM y F 


v. =£#a»3it 


A^4t©M^#x? * '>'«© TR 5 o ifiLfrt/^Wic 

ti4 TR it, £?* fc < ®JS(c&5|=f4 t 

£ tf5Et$£(c04 L x ^ S nTSItt^* 5 a 211 - 212 o 
tr t±# < <Dm&xm^'m&x $>», B&^fciMj-r§ c 
titmmfrb ,L'i3-^g|g^a^c7)TR zmm 

-rz?£vx&<%<DW?imm-tz c t ^mmx-h?> 0 

A. 

TV f±*>6At <, ^gPic-#i£Wi®tc&.5#X?£> 0, 

mv t iwi«tc* vmzMKBftmn&it ^©teii, m 
fttt©#?i, 3 ^, 9imm, Mmicftvzzttfxi* 

D , s c t ic £ o 

6 0 MV b ttii 0, MiE-r 5i ©Illt'14© 
iiiKf±*V'. 3J*C7Ci3-lfeS{±, TV©»glJ©a»ic4^J 

fc-e**az. 

-c©§ (M26) tzm&, #nf±tns 

frbmijfo*- J£3gL *#$>«£ <9 vm\ c¥/: <45». 

B. H5fe#a»3ll£©JS0i:J*® 

TR ©IH—J$W&MHi±fe^£tctt;&^©i£A©b'-ftL 
^ fr b © #H © i£ A tc e H f 5 n^ Kj 4 7C t± Hig K) & jiijft 
x?*. 5 „ g|12 tt TR ©—HSffi4^10 *5!I^ L /c 4 O -C* S o 
?Lfflffi©fifi, t/c(i^tLfe©M73^W® 
4TRSr?|#jecL#SSi 0 c*Ui£^0S£F£, WKlflLEE, 
t tz\tt£‘ij&£<Dm&\c1&Z. H#5o Ctub©tWJx?tt, x 
If P yAtfttiffiU #^©@l^^£iy#^©A1f y v? 
^7-VTA V A^I^Ecty *—^'14 TR ©U&— 

mimmm‘\im±x$>z isssoMii^so 

HA#fc £ < * S c b X& S t»\ SIS© it, 

5 £ b tc £ oTSH# 5ffi 
4'M^© billowing X?S> 5o c ©ft&iiftRtt'•Sftffltfi&ftiii 
0if0 20%(C^fefl5 o fiSoia*i#f±—JSWKttS tt 
£^#0SIK £ ot^tts Ot?{±4 <, 

}g^, ^-*7-*- 

y - K{±H^#O0««:S5»fS - t ic £ TR ££!£ 

C?4v>s 2„ 

C. ic & tt 5 -f 7 - '>* V A©iS:f'J 

i. =£#4>/rm 

a. 'L'J^ 3 —f£jf 

TV ©&©&ffiW& TTE gJftg£'X 3 -^fitc it, TR (c 

M n-r ?> m a & w >e t h ic © © % m. ft 7 y n - ^ m x 

$>&m o 3 -^s-t Tli 3tt©#Sr0^ft0«-t-S ctli 

5^ic 

ov»-C(±^:#3S:{f?>o#^S) y it. ffl^'fl'^^^EAWfffiT? 
it, #iciSfig|I : SrSfi^i#x.5^ s , iafipIRi+PB^iAfl;^© 

ASiMicPig-tS^ii + PS^ 
t AiimJ^t?S) y, ^SSiSicpgf 
5^0 ^AraEfi-c-it, S*S©llu^i4 ] Piicp»t-5ft 
<9 0flSiT?S)5 o w®^trtlKAf±gws^'^ra^ft 
T;|(£?SAffil5> 40 mm t tz it >21 mm/m 2 t?^® $ tb, iM.it 
©ACC/AHA iSA K?4 y i{c $? it 5 MSe © TR Sr^if© 
icfJH! £ ti6 ±^#ipt?S) 5„ ffiilig'il'J. 3 —i btK L 
fzt§^ g^iI>lL'i3-^g(±—Mlct77 y A^©4 
/ — y y Av°y — y t, H^tfA © 7° n — y"©Sgffi^® 

lci±MW&&?>o 3^7C>L'3i3 — 


• AR iy 

*tcA» jM# i A»M«©»giJ^W*it©fF«^&J&4 !), 
«v^-c£^©A#$, Jfytt, «tg©fFfI*fT9o 

• —ooailSffit A it K/7-^7>-tlt 

AR SO(c+^HES8t?{4^:V> 0 7/-^ 

®t^#£'Ifi)5 ( A 10 f? T A 11* T © |X| 20—22 ) 0 

• AR©fiiE®t±, WigW, $ttfiK7’7, i’iWfifiijy 

7/-*- ( M li fe T V |xl 25 ) 7^ 

it?rt-|» 5. iSi5c©©y>-^^-grL-C©5 

AROfilEfiitlticgat/ciififi© AR tctfLTft 

• LV0*#s/g«*iwrsc 

IfttfiffiAR iilS{r^K£^|£®ico*^5 
tc*, IE#*^$l*t±'gttfiSAR-Ci±^LV^ ( gll )o 

• f]7— K7°9 ic t 5 AR ©fpfiffitt, '>‘i y 1 © 

A©iR*, IfiMigp, LVflfLtbE&-e©-y^ 7 Mftx) t?irt 
*y*x7 1 ©Al^I^^icitfl-tS c bo 'L'S+PBttcitliiB 

#©fiuAic[Rl9##icliT'LfcART?(±, ->’x7 MftX 

ic £ s ar 9 7 - 7 1 l x ©itutt^usr-t 5 

tc*?±®"t5 C fc 0 

• AR ©A- * ©n a pf^M-!:\ 7 

7 - 7 X tt AR ©filEffi £ 0J15S tc jR £ & V^1^-, AR ©SlE 
aSr^M^icffl^^^ff-tS* 

• tlttS^AR t±, ltic*9-K7“7 Stt, ffi AR 

it®, fib7x 7 1) £ff AlittfiEAR £ D bim-f6 
<DfrML^tg/£-fr$>Z 0 ft^©j:3-/ K 7° 7 7 7 — 7 

AR £1hL, 

liv' © ft v $ b 5 # T? 5 o 

• AR ^ s ^t>ti/5H#fc£?v»'CftWS'D3b 3 

fi^*AR©7*-y'A^'|l|^$tb*V^Ji^-, AR 
©fiSS K||LU'X3-/Kt7R77-^^-fi 
tc tt v- S. 5 iS^r, AWM* £ IfAfrAWM ic o © -c 

£ D £v^fFflS^ 1 E>^7£ii-^-, t fcttgKMT'Ct 3 —pjfM.k 
feni^ £ ©^]iCx3^jifb i ^><5 ^'n' iC , 3 t 

tcttAJiMRI 4rfflv>tcitlra^^Sl: *5. 


^s-V'tt 3 ^ t set &x t s #14 

?> (M26)\ 

7 A'•# !1 xl — A©]Rf#ic t? 7 — F 7 °7 ^riiADt - 5 4, 7t? — 
y'A5rft|i)f-tSibtjSr^-x., TR-tx'; F ©fig^W^-r?. 
tc it t?tc < , SiiiEgllffill^STRt? £LFS'J^'t?>tc*ic s p®© 
F y ? y L'CW?i)ifigit#P-y-'f C 

i^-e# s 0 

/?. / b'MMRI 

1 mm AS©!¥£ ©IESTV ttaS©'L'®iMRI © SSFP 

1 7 -ty rximmicmmkir?, c t \mmxh% ^ (0 
27)o TV©»giJ¥^|gii5rB115f ict-5 4'MMRI ©?SAtt, 
i*© 4 7 — y y Affix? >t> 5 -o Lfzit £ b&XUs 5 b © 

Att'W. ^a^6tic#^l¥<45i, #iHMM 
tt4411 MRI X? £ 0 ic J®FB $tl6„ Ebstein S,t,#©^' 
^ 3 -It* k 4Ji MRI *mzLtzM3tX\±, \ 

P fit'll MRI X?- £ <0 £ < ISttt S Utz H^tFffitH^^X?' # 
4< tj;5RItgtt©$>5,L'®iMRI©R^tt, ^jca-tfeSfc 
£f it 5 * 7 - K 7" 7 k i± S 4 D , JfiLgfE^s 2D #tig 4 7 - y y 
A A 6. ttH-A 5ci^t^ib'Ctf|)5. SLSK© SL 

Sf£{±«^©3fi®i s ®<, #Sr^BSf(cL-Cjffimuc< <-t§ 
ciM5 (JH_28) 0 
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TR^&Si§iiHc|!£AA 
5o + PS©{£fii±. ±tcJ£®»Rc D-Shape ©£^££F 2 
Hi-5 

TR^Wi^Jfiiffifc J:S ’b<DX-$>ZM&, ‘bWMM^'MLX 
U £S©KM£? i 

5 „ 0&SJ±Ainp'" V - y )„£SRiSlltg©''° 7V- 
* ztz® tcstt©-^ tr ©^ 

#£AS £ fc imm-Z'hZo 1.6 cm 

*SI, *MFAC^35%*Stte^«t^^^^nt-rSo F 
A L ft# f>#(c5^#H#K)Sg®(±fe^ttfe i tfft££© 

»g!l^W»tiE#4#©#i£T-ej±, tr 
©S^IPJ; 1 fctr FS®^&£Sili^JICH'e&s 
iS5© 0 W**SttTR 

Sl^Ao UIJHA AAfr'lfVL'MffflftAiSWI^I't"SHA#fti 
E® (>35 mm) Sr#tSM#fc:frtt5££\Sl£;*:f±, -& 
«J TR ££ F 5 5 

'OR MRI t±S& MoiMXUj; tb'Sfg*5£*{P7 5 
BS©#!ilSitSt?*sa*. £^©#fifcHigf±, 
©JfltAlif-S'VV-tffFtf^tLS fclUBtiA SSFP&V4 
MRI ©Sttx7 7 7Hfi£ffl©7»£-rs c fcfefiJ*S 
till & ft Att^iS # * v >«£■, ^ 4: ffffift 5 tz ® fc 
©ttBEfa'>*MMfiii®fcv>^ 0 —J&fclKV Tr®*? £i7& 
^f-TX'?fJ^ffit±, |4]ft©®3i©ii©©fc©, ixa-lia 
i AORMRI ©ft^ftf \^Am o 

D. /L'XZi-m;5 TR ©MSJSIfffi 

1.1>7 — F7°y 030 

A7-K7”7t*©Hft#a?jfi©Mffi®ffPfffitcfiV'i 7 b 
©Aft ('>'x*y b Sift ffitfitnP Vena Contracta = VC), fc 
A fill fit flow convergence) fc PH^ F "C © S» ( jt 13 <V 
14) 

a. V x. y f~ x U 7 

V x>7 lxJ7 (±a?5fLfiSEf§;ifci§A"7# 7 — K 7° 7 ©' N ° 
77-7-©—oV'&So FftF&^'O, ifSS^O+^S© 
H^MSf-C'©->*x 7 1x5 7©fifSf±^& 

So 2£>tA kSiKF-t^S/SF fs>ott©Sffi 

i^ltV'5®0 7'x 7 b 3ffiJKM;i s |5|$t-C*$> 5 4>ftK|n] 
WcitSEVi 7 b J; 1 %/R^ < lifts (B29 )„ —j&tofc, 

ft 7— K 7 7°7 — ©IBStft' >10 cm 2 7'&ftfffiSEAftftii$it, 
fc—g£F-C©So FftF&A'O, © < ©^©ifllffXj^WS? ft 
Aft?®] b © ftt! ic &S Sr 4 x. S © ft\ 

■Vi 7 bffiilfcftftfiftSjt$J&'''°7 — V — 7 — tc&So ft 

ft 5 < llvAcfflEHftfta?jft-'C(;ft 

EftftaStiiS^ffivAcfeicVi 7 
& < .. HftftiMiiitftBlllif & Vi 7 b ©Tf-liftfto "CV^Sft^ 
Fttfc © 0 

b. $fi}jtinP 

ffiMSPIS© nJMbfi PISA 

<, 7tf±^tt«jfcfijii-rs-i#-c*#s 0 ftftra 

JSftft ft f/ff |fe(#^^fj5EAS&Wffi-e, >0.7 cm 

ftMffiSftfta^tft&tUly S a „ 3-Aftft 7 - 

K7°7?££ffl©Tf®?j5tgPffilifcfi?j5Egpi|ia£SiJ^-r S chit 
fV5„ F ft F, 2^7Ct:'IXf# F Tcffifftffi fc 3^7C7?lS^ F 

ftI0{±|n|*—t?&v> £ b (c?±®7 &SW&& So ffifiLSP© 2A 
7C$? <£ lb* 3^7C* 7 — K 7 7° 7 — t:'©SIJ^fit ^bLUA S 
S pP © SIS fio 3 'Xft K 7° 7 1? fi L ff L l£ A # < ^ 


S— o 3J*^ct?©*B3f£BinS«f±, EROAFi<fflMU *Sft 
SP©ItSt S> SSiSIIH Ltrib’ 0 „ Vi 7 b 
mtt b (±11 < ISM F 2 A f A c i 

17'^p#© * S is#-?* U<«l/;„ 

©- V A fc A'ii 23044 ngjtgpg* >o.4 cm 2 (i*5EH^#HfiS5E 

©#a«/4* 7 b *7fliT*$>So 
C. a Jkl ''iA&Ullifu; 

PISA fi(i TR fclilEnJtg-e^ S MRiH gSt^'lF 
Xj:V^o PISASSrfflv^fc TR ©^M(±, 
fEJifCV'S^N KsJ70^(-(±— ( H 30 ) o 
—fc {±fiipI#$MLic®-C © S o TR © PISA &t± MR © 
PISA A |W| u J; 5 &&#*&*.-CHS. #fc TRliS©t°- 
^(±—^^(CMR J; D/R$v^©-t:\ ifa^^aipjc^oX 
tc © ^-cfftfp© uplift: T R -eummz HZ Frigtt ^5 * 5 0 
L/ciV-r, i^v^AJla^jpiHfpLr Ltv^i^U 01 S 
/M¥«§tiS„ SEtHP^n^-v^SPlO 
©-Cf±L(£b(f®c S), a^-© PISAS7?f±§ fcfc®/MF 
F S o — 73 -C TR 

Mft©®*fF®ri s £i;So g»x3-?:ffli' 
V, 2^7CPISASSr, —^'tt-e© 3 ^tcPISA& *^SP 
i Tb'ftm Pisa©#;* fc bMX-r s fc, 2 ^tc PISA 
’enbHfzwmmftnmm eroa f±, 

i 0 ig/jNpffi L fz 233 0 

2 . msa 

JlfraKjfcfi, TElli, S^##H^as)HIffijfEJl»^ 

<£b fc l-oXt\%-TZ £ 
t^t-tSo MR i?iCb'A#)M#a?jiLfc fiftfMfft fc, C1©7 
7"u-7tto ^n^SrLfe3fEA®«fc, S c 

fc ^ S SIL v i c fc, Is J: (7'SttSP % MIfi-f S Jfii?7iEa® © ISj—‘14 
LtvAfefelc, fs fc A fc'fijffl$ ii*©„ 
fiSTR©a?lM©HfiIf±^B)l7'S)So MS © MR £? J; 
tr M#©ik«s#©ik«w^-et±, IWI f 2D pisa a*® 

fc EROA (> 0.4 cm 2 ) 7'tt.TR (> 45 ml / ft) © RVols * 7 
b tF 7 # MR (> 60 ml / ft) fc S C fc &M& $ 

tiAo MR i 1 %*§y^(c(±fgv^TRliS©fc®©fie^ 
Siit-C&O, fiS©TR*?j;l7MRfC^F7 

RVol(cffl©S^^^5 o —A\ EROA *7 
b 7F7fcii;|W|«©#»#lj-SxJf-A^fflV^S C fctfs-e# 
So Volumetric ?S ^ V ^ X N - fct 6 © fLlH © 5i f: S KM fee, H 

sm-e&Zo 

3. /V7AF2 f"7°7 F 77 

TR V i 7 b a® f±o a^L* t|i«L4v^it ffiSc-t S 
CfciS*St?*5 0 SPi, ^St*S©TR-C*(±, *^<fc£ 

^©HX*^l±^(ii^F < 4 0, ffiVi 7 ba® (2 m/#) 
fcfcSEfc#£<*5 (H 29) o fi«4ba?tfc aSE 

©fi^JS^fPfffi'AS ©(c|Sii©a^!iS K7°7 TR Vi 7 b © 
fi^-?tKfc®ffiflia©ltfP7'*So MffiTR-Ctt, 
b ^siM^M.bHZo t°— ^ ^ 

^-TS^UsSH^Vi 7 bHIPf±, ^OMfEA©±#db’<£Cb'7& 

^©SB^^ailEAiiS (rviiSj)_ (M29) 0 -©^ 
V-y(i, @S©TRS?j;!7^0M)±©fiffi©±# (*'0M 
ay7°747yx ©fgT) W A S M# (Cffffi F# S c fc (c 
@*A-<t7'^So *ffifj:TR fcIES4:^S©JRffil0ifiljEE-e 
(±> #Sufl:©JiIfrl±A<tCb'afrl4©a^&K y° 

Wm&b fafcAfclStciifc^v^^ “fiAfc 

0*fc OASiiftA” fc^lEFW^So 
fF#M©^VuxM b"7°7^Stto TR ©M5$K©ffFfffi^* 
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Ventricular perspective Atrial perspective 
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UtltglbL'M 4> ft*** i + »J«@ tc Hi! -f% TV 

®ff y 77 " 

Fallot 0®®©^^ 

fifiETafii^fEfS: 

^©ffe (g^frb'M) 

2^14 


LV tz l±#]£M 



RVlMM 

RV 

RV -L'jffilE 


WiWjlfllH: 

SttWggJft 

fflJlfil&S&lE 

7 + 7 1 



'L'MSBSi 


44 


















027 /L'llMRI IzJ: (A) 3o©#©7fciiA|l] U'¥®±^l,x.S (H 

I'HfcT’HSftTl'S) (B) (C) iuAib'J:^' 

&^A t Mx.5£^3iEAft (“Eft) (D) £^±£4:0^*#* (HJgfO l± i£A±<fcS„ 


Mild TR 


Severe TR 



028 4>fllMRI At-SSFP &l=«fc S gJt (A) fccky'Kffi (B) HA#i£>,1t©ffi±o AEPliHAtfit^Wv'x y b£^fo 

*s©H^#i£3iE(±m£{kf 5 >i t tfja y ait-e& y v >i t 


ttttS©K|S:*o 0 TR^MSEfcfcStcoJvC, iISA!± 
±3®lffi»«t±M±-f §„ lioTRtli, JK*SSHJfiL8f£©i£ 
(JH_30)o U'L4#^ ffF#MJln.^ N °^ — y it, 
ti'I$’ J: OAS© 3 '/ 7"7 ^( 7 y X, m MAtf, 
x7-*!iXi», tg^tI^A'p y A i? «£ <t 

i'Ifi»iaotiiS^5. JBUfiSH&fTJfoMtt, ±12© 

$ jxs * TR So 

§|J&^*±. tt[S3»J!> Lh^Jt, ¥U fi] 


E. /L'Si MRI lc <£ S TR ©* 2 SJf Ifffi 

fik©»l4#^,t±bb-<, HA#iS^©±IlMRI (CMR) 
(t li t ^ i"5f 3 l £ ©Ttffil+aiJ (c 

[‘itW-//' <fe 5 7c © (HA^T© through-plane motion AlY-itA 
•5 7c©± 1C^ © <b ^VC # fz — o iMSit 

m(± ^S© 10tt±»^fcWS)M^*^?l< 

■ef, ii©it^£A©S c So ftfflSiL-c, ASM 

41 ^J§t=Hc ti^il llUffi tHM A b &• 3 I 

5„ £fd4©#©i£St;a s &©iSi^ 

(±, ha 

#iS»aE*S:S(iit5cHt*n„ CMRt?©HA#®^© 
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V' 
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• filE© TR 
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mmm 

ififoh 

ti y— F 7° 7 3D : •ti7 — 7 n —-fe ^ 
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'ft'f 5 c t =Sr 7K L^ 
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H 14 /uoc=i-izJ;5'114TR ©1 

[S®©i¥ffi 



— 


tbfPS 


nm 


w.n • @®n3r&#cu 


a®©7fS^ («; tws#^, 
a®©^, *#4 ^?l) 

RV t RA © it t X 


IE# • @®©j£t: 

iM7* 

T*#MS 

IES < 2 cm 

• e®ic^t:L 

2.1 — 2.5 cm 

l£A >2.5 cm 

S4W F7°7 

4?-lfilgKv r x ”/H!)7i 

d'$i\ m\ ^ 


nj 

x 7 F or HI 

'7 h 

Sstdlxa'/- ^ 

Mx.4©, — atfi'i) or /h$ © 



CWD vx y 1 


it©, tmm orHftnt 

iftv\ LifLifH^Ht 


ti y x '7 h zl y 7 (cm 2 ) 1 

^#4 L 

S#4 L 

>10 

VCW (cm) A 

<0.3 

0.3- 0.69 

>0.7 

PISA d 4 ® (cm) A 

<0.5 

0.6- 0.9 

>0.9 


jR«saB«4 




A iMUtL 


E ® >1.0m/sec 


EROA (cm 2 ) 

<0.20 

0.20- 0.391 

>0.40 

RVol (2D PISA) (ml) 

<30 

30- 44" 

>45 

RA, Right atrium tilA 

itfdt, ^fr6>©TRSS®ic#W©^©h#x.6>tt.5o 


*KV#,fcO r RA®lMXH\ S S TR © K t?ita “lETT IBHrtfc* 0 f#5 0 

t tfr t) )M Li£® >50—70 cm/seCo 

*#f t> jg LiI®©-<-X 9 'fyv'7Hi 28 cm/seCo 

Hfe©#<©^H (KVffi®»fli, i-M®, RAEE) (c± So 

"ctlbomzz tbimft-f6±ib<DT-?l,HZtAj£'?£\,\ 


fiSS(cML-C, #S©iMlfi©S¥fiti±)t® £>*Vt©4 
©» ftfc> <9 tc, iiME^©S¥ffii±fiii#jiSL©t)1I:3Wi£ 
*Vt©3 (—15%#®®, 16-25%# + #®, 25-48%# 
+a®, 48%—#*®) m o 

CMR Sr ffl v>4«£ © ilid fa 4 ^tefFffi&#*£ 2 
i’lX t* 7co It H 'lit Ei Hr Fl T? 79 spin dephasing IMS? (C 8© < 
S&M&#fflV'fe*VO'4^. L#U g®©SSFP->- 
8)1$© spoiledGRE 9-^yxiilot, 
spin dephasing (ill/ME e tl 5 ft||7| (' t> 5 0 C (?) C t i' ?> 

*®8^#ii®it©ffpfffi}£t Ltfi^lo]# i©K 

© aS® Sr ffpffi -T 5 tz & (c (4 if) © fc 8 4 V% TRICKS MRA 

cMR©?s^(i, mmm, &m&}tv&m 

remodeling SriSMfaic jf+fjii't? # 5 C b t?ib5o “73, CMR 
© limitation it, * S § fifHIJ (c §!^ # 4 C 5 d b 4\ 
phase contrast Sti’©Xlr|JftM©aii=40/i[Cf!SfI#35 5 
dht?&5 0 |*lft©^iSL7g^(c^t>-rt±, fc*tL4££ 
Sr trace + 5 d i #'0it4I|§1=i'#'35 <5 0 dtUt, ; &5l#:|j!Atc 
-f6 t, D i±73K®fiht:>GMffif trii'ts - 

iiSi5ft»-ei5». IffiS&imjfiLSfEt^cSSIWtiftiSfEtt, 't'rt 
-> -v y h © 4 ©H^X'iRffi $ 8, Qp/Qs ©ItUti 0.8-1.21 
J¥ tBH 8 5 0 •?■ 8 HJ> X., phase contrast '/£id8It 5 WSlMifil 

gK ffp m K 8 © -c *K 20% © m fg a* i¥ ft L # S *«. 
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It Iff [B (d JS H 8 5 oft th iir IK 7® He, 8 =fc O' voxel F*3 © 
dephasing b phase coherent (fill 3 t - P y 1 ) © 8 jft 
©ISHiiS 4 4' x y I lfll^t>' f & — y (d i o , phase 
contrast ffe id ± <5fp{[i5#'T ;: IE51iid4 9 9 <5 — 0 tE^tfiM^E© 
H®fa4;£®&i±, f^SrIi82 -tl81i&®/h8 8 8i§8fF 
ffi©MHt4D5 5. 44, 4 B 4 tMbll MRI t£4 id i 5 
© MS® tt* t± JEfli 4 *¥ fit # 4 © fz *> id &®E 
£8T d4#o4„ 

F. TRi¥ffi©4&©gt-&fa&77 0 n-+ 

H^#ii^©aS®fFffi ic 8 it 5 ffiSSfa 4 7/n-fit 

a—©fpffiftfca# 0 @#lL4 0 -tir-ft «iC©S'J^ 

tiSr^-rs c i;t?$>5o C077'n —tti!), ifiiicli 
m © S) -3 4 fi 4 © 73 ?£ (c t? c S R®Ift 4^ fffSIl © 
ft#«:^4 < -T 5 c b &■ t? # S „ 1 4, It (c t.SW± 
5l^(cit, t -E ©JfilftSjSiK) 
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H^#iMgit©I¥fffiict?itS*M^©li:*h L-Ctt, SS4 
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Mild TR 


Severe Eccentric TR 


Severe Central TR 





0 29 =i -Mo = 'F£ < »V'V s x y F tiSH' VC t. LTffltti F7° 

y-Ctt, y bT'ISdH^tl5 0 1^© 

BitL'iliaESP^fty. *7—j>xy M±*it'l?^flOS^lRl^i£3iELTL'5. >y b©t°-7AffileM 

CtiSo VC li >7 mm T\ C' 0 jllrc® FT’y'Cii'fS® (2 m/sec) T';J|V'H^ 

S'>’I7 t-ZW&b, M&<DE.'£#&)&£^&ml±<D&'£{klZ'&&-t?>o 
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if’ y 


r 


TR Peak Velocity = 386 cm/s Alias Velocity = 32 cm/s 
VTI of jet= 109 cm Radius = 0.9 cm 


EROA = 6.28 * 0.9 2 * 32 / 386 = 0.4 cm 2 
RVol = 0.4 * 109 = 44 mL 


0 30 «tSJtaffit*#-5fiffiHSli#i£3lEO,il#[=iJW-5 EROA RVol KJt©£ 
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• A#^4>'0vx'>h> ^050% 

•VCiH ^ 0.7 

•PISA¥f5>0.9cm, 30-40cm/s 

Ltz&m 


VC n < 0-3 cm 


VCtt 0.3-0.69 cm 
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*3bifi3lE#Pffi»< 0.2 cm 2 
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«== 3 
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** 

<20% 

20-40% 

>40% 


PW, Pulsed wave Doppler. 

^Unless there are other reasons for RV enlargement. 
f Exception- acute PR. 

* At a Nyquist limit of 50-70 cm/sec. 

§ Identifies a CMR-derived PR fraction $40%. 

Defined as the duration of the PR signal divided by the total duration of diastole, with this cutoff identifying a CMR-derived PR 
fraction > 25%. 

11 Not reliable in the presence of high RV end diastolic pressure. 

# Cutoff values for RVol and fraction are not well validated. 

§ Steep deceleration is not specific for severe PR. 

**RF data primarily derived from CMR with limited application with echocardiography. 
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